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but-3-ynyl. 10The term "al koxy" refers to a |inear or branched nonoval ent
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honopi per [ dlmwtherazmganﬁ/ﬂhg poeseqtanydntion ipreyidesyihterthediatex &irhyirepaying compounds

T 4 ¢ hekS BRIt L Rl o e AR N bE sl fprmediies for
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oxygen, nitrogen and sul fur. "Hal ogen"” refers to F, d, Br or I. 25The
abbreV|at|on "TLC' stands for thin |ayer chronatography The terns

oy oy Y M I 1



20 hepatic carcinoma, anal carcinoma, penile carcinoma, nelanoma, as well
as head and neck cancer. The term cancer may be used generically to include
vari ous twpesiiaRssancer or specifically (as |isted aboverT/us2010/046953he

phr ase e s that the substance or
corrgomdtelp%?lorelgg&gg%lgfl t gﬁ% i (a:ag)lp lglatgﬁl%f)gfr%?oxi cologically, wth the other
mgredﬂﬁﬁlNIﬂ@mSl SI ng a forrrul ation, 25 and/or the manmal being treated

t herew t h. phrase "pharmceuti cal Ig acceptable salt,"” as used

herein, refei tFHn HB‘EV hawelvdes pedy arctramshssichaigigdisple of rearbowy @taﬁ'ﬁc lggmes of
a Corrp%i% R th QP(ty'l ?JM lsQ)rﬁe to six car §H gto TRONNISQfnd: Qkémgl'ay,ﬁf@ AIR%Y AhiRA
sal t's s arily

i ncl ude ot ef uch conpounds h are not neces
phar mace G4 iGall- s ac (Cefﬁgabtt(ereﬁ?ak tsa band Smhnas: hikplayoleties bafelbeca abbry atade dorat es

Sopdr ot RHaPen ”ﬁw@ﬁ@éé‘%?tﬁ AESaSPR ) nd s By 04 Rrther PSR
" mammalare ﬁ'@%ﬁ@@ d@s le:l@iQQ%é?@bf@msﬂdﬁﬂHs & Sex@h tpleS 13#0[5}’1 %ﬁ%@@ﬁl -pPYNY a

di sease describ ereln and 1 ncl ude I'S no i nea pigs,
dogs, é?aprgpylrcmuwpmpybé; Phankbetykor rabuaty b ‘niat "¢ 2-methgl- ligropy] buaselngyl (3530,

| mvent GRS s st BN bl arBvpREl BREDABHDauhaS B8 ThEPhe guner

|- XXV, exhi@pROi SOMEHS, tauiiRers, sebyates, nrilaRol i tesypaallts (e.(@-pentyl,
pharmaceutical |l y acceptabl e sal ts) and g(rpodr ugs thereof Unl ess ot hervvl se

st dbed, CEpe Hetth@(epi ct2epentdr ei(CRIGH:CHCHEARD, t 3-pantylud & @bty hat

oo kLR RPN b S TP BEMR AP CEbE Ty, =

wher ei 1§- (amg:}@CH(m}g)zmydr ogenmathgrs-batyd I epl aaeld, eWIECHICEY), tri ti Whexdr
one or nore carbon atons are replaced by a 13C- or 14C-enriched carbon are

within t%%&é%%?ﬁﬂ nvent -8exyl B- RAF(- pﬁ@ﬁh)ﬁéﬁmﬂ% 3-hexylThe

presen )C o} i
theremE( GI@W arg(ﬂ{ozt@yﬁ 1%@%?9? @F@@@t ment o&dléewégt@l Phentyl
codfi t |(dEI§(C§ingI(CH(CH3)€szHIg)s mmdmyanqﬂnﬂyy(m{(smmm@ﬁ(ﬁgogommm Jeperityli S
i nventi o conpounds of Formul a_] ; t er eoi sQner.s, ut oners,
br oar ug L GTHGE PabEut 2Py e albHGHReHGHEICER). wherdimstn FaH
dashed (lc t,n@p b t t

Cont ai ni A EpCHRCER RN anP s DRk SO0 RIDOCSRCEMERCHIRT | € MpEbfpons are
Xis 0 SO@CUIN%US@d llCRﬁUUIEMdn Wlﬁhsldldﬁehtairabﬂéﬁatloms Adichefea] srucORSs, fcam:dani(p]es 0,
S, NR7 ort «pbravided attégéﬁ,ne of W X, Yand Z is other than C, CR6
and CRT*® %’ﬂ( Oéreglai“ﬂ E ntly sel ected from hydrogen, hal ogen, CN,
Cl2€3 al kyl Ac@lﬁcﬁﬁl ﬁﬁlﬁ@%ﬁtlorglus% tﬁtlolﬁ%tﬂt RO pSHeafich MY lfor Emipte, méﬁﬁﬂgen
hal ogen_or Cl-C3 C6 cycl oal kyl , Cl C6 al kyl

al kenylC; B@rmnﬂl(@hylaﬂdEMWI"Ac'Q 6 menbered heterocycl yl, a 5-6 merrbered

het | (h th |k ,
neteroary! . o5t TR AR BbRoPc BRI bl oS SRR,
hal ogerq“DMFemdhchl&ameﬁlaﬁeypmwky kthyRicetaie-(GBtOA Ky hn @ RiraRBRbIYarSEHPBIF). ut ed

wi th hal ogen R5 is hydrogen, Cl-C3 alkyl optionally substituted by
hal ogen, r Thetera ialkenyl rqﬁ@mtg Igar eigbianched-abgingmprbysplent hydrocarban K9¢10a1

haroger, 1&%%218%@%@?& e B, 8lcitont ARl hone WBRkLS W thidh"
het er ocyditat |ma§5b6 dpﬁﬁiﬁ&lyedlbbﬁm&fdomﬂwendént@helﬂhl anepsrombrteshibstiepntX descriied and

i's doubl e.bonded . .tp an _a cent atomin formula | then R6 i.s absent;
erein, ang 1ncludoes radicals ﬁ ving "cis" and "trans" orientations, or alternatively, "E" and "Z"

orientations. In one example, the alkenyl radical is two to six carbon atoms (C,-Cg). In other

examples, the alkenyl radical is C,-Cs, C,-C4 or C,-C3. Examples include, but are not limited to,

35 ethenyl or vinyl (-CH=CH,), prop-l-enyl (-CH=CHCHj3), prop-2-enyl (-CH,CH=CH,),

2-methylprop-1-enyl, but-1-enyl, but-2-enyl, but-3-enyl, buta-1,3-dienyl, 2-methylbuta-1,3-diene,
hex-1-enyl, hex-2-enyl, hex-3-enyl, hex-4-enyl, hexa-1,3-dienyl.

The term "alkynyl" refers to a linear or branched monovalent hydrocarbon radical with at

least one site of unsaturation, i.e., a carbon-carbon, triple bond, wherein the alkynyl radical may
5



R7 is hydrogen, Cl-C6 al koxy or Cl-C6 al kyl, wherein each Cl-C6 al koxy and
Cl-C6 al kyl is optionally substituted with hal ogen, OR20, SR20, NRL6R17,
C3- C6 cycwoabkiyi2s944- 6 nenber ed het erocycl yl, 5-6 nenber edThst@ooamgs or

PR A MBS SRR o0 e O 14

al kyl ) SkafipleCiheGkyalyk yddicalC-tGn talskesiyrbon £8mEGCA LK)y nivil othdr Gaarapleal thy hk§dylCo
cycl oalg(i/ (Co-C3 al kyl)ghenyl (Co-C3. al klv) ) 3- 6- menher ed heteroc clél or
( Co- C3 Tafikd) 1§ S oeCératfer WCrboeFeamples Mghidee Pyl argingt Amiied toq pikwny) Ynyl

cyct oaldkyl-1-yhst rosyel)  phELEARR HroREPNAM=AIE ARLYANA! I 'aaté%at'atnuted

by hal ogen, and
i ndeperbgeftynyl.hydr ogen or C1-C6 aIkyI optlonally substituted by hal ogen; or

R12 and R13 t t h th th to which t ttach f
2 495 menbor 0 L SHBERYEIGIER byt 1bF PreiBel ruP e ek gsB N e
Cl C3 abinxtla -OR in whicHi4s ARG %nﬁ%k&r%ﬂ%?i%&@aﬁk 1Y whkH AH B8 fﬁ’t"the@%ﬁﬁ@naft‘l&kw

optional Iy substituted by hal ogen; are taken together with

t he at oubstigutedhiashdefineg terdinchddkoxy gronps incdud® methosy e dthadyeR-eratlooxyktpoxy,
substituted b 0X0 0 R16 and R17

| | |
o Pn oS T bety odtn d6 e Bk xSt BloP PPt bt it ut ed by

hal ogen; or “Rifloamg éfraiot toakRbmh@d htified bl gartidls wimkaitated Watsearbohehg
attached to forma 3-6 nmenbered heterocyclyl optionally substituted by

hall 8ge groupsheseindie eygloglkyy group may be opmwlbzwabmgeér@epm@ptéméh phgotpelieogen

or Cl1- tit ut or Rl
t aken ggbﬁﬂtull@ﬁr W % Ftb%tﬁhe}% Ellrijn eerle %é’%a@?g%rﬁe%lﬁ yo oFm a a%“%%](né%zr ed
het er ody (Dthek er@hples)alytipakkstb it € 40f eﬂlcpycshah ogRA cx@XpleqthEdydlSallay1ptbup, as a

each R2 is |ndependent Icg hydr ogen or Cl-C6 al ki;) [i)tl onal Iy substituted by
hal ogeMong¥cleds 3182 PriCs-Gonde gasiaeneanpiey dreogyetralsy] enaupsass 'chlapﬁ Cottapl y

Subst i GURRAIGY 53! AR8Pe AOAGLDEILPIRGLAP L B kYdes GorBAYNISaRlERLIL o

, stereol soners, tautoners, ugs an cce Salts
t hép eofl- cydmpleml-henyl 1- cydldyp:endaanglj I1+c|yeISpem{Br esyde,ntcydphe@rh,all mumlele-lbmyds

hdepe %ﬁtqhgx%' SN SIS s O RicBO e, RNy SHTERD. SOOI | s
NR6 or ¢ cﬁvﬂdcy\élduﬁd&yl %nd@&%ldabd&'% E%Mw%ﬁgeﬂﬁ% tor ¥&cBE Ylodkyl¥ and

Zis ot e 1 ndependent|y sel ected
from h;hdvmgﬁnto Katiog etomsOncluds,.- bZL‘B apd Rotl [imiBid @3 [Ahkdsyp), [63;15 as, Gildre[ﬁﬁl] riagd

Cl-C3 al R3 is h dro n Logen or 10R6 | s.. dro en,
GG WY pRnd AR pisdP el | R b, o el “EYE g s
Optzsonatdyylogybsqhap%ecblwcmz@8@]@&% afdBRyc16f202 nbdARLS5, C3-C6 cycl oal kyl,
4-6 menber het erocycl yl -6 ‘nenber ed heteroaryl or phenyl; provided mhen

X i's NR6 andhedemusBieterpeystied or (‘)‘h@tnroamla”cenf‘h%t@mnwlﬂ”frofemtcaa|sa1n1reé¢d RGaj s

absent 0 Co a kox 0 ere ach C

21 Koy Paitg gt VaRE R, Baviel oL PRbreouble st iblo ol hthih B B
SR20, NRLGRh7wWhicB a@Qeasy@h@ahgydtométs CY mab@tbﬁﬂlnhgp@ﬂaﬁnc b&lécted fiomNBitidgEE d
het er oaryl or Ehenyl provided when Y is NR7 and is doubl e bonded to an

adj aceREYEoANY Sulfiyy M Emaining singatpms Rpingrrarborg I eae RObadisncahdrsterocyclyl

ToT-IaE s d

e Gna R k7o " aRa R By hsflice PRE, BRRneech SORHUDE e AR, &

at t ac hedlbbdmiHﬁt fincludea 53—66mmmsb1ede1¢btdsret3&t§dcgmhp§ Towet haaeratydfylsgdoap ithayt &d by
1 is hydrogen,

2?:53 ?)e gRPOf( S%ttﬂlﬁg |Wlm%%§$0@h@50qk§§wm her?%@l Ieenmplagy| l)eser%/c >g1): 03
-C3
al kyl, ofefp cﬂdéeﬁ}f are ﬁhﬁ\ﬁte@ kK %Q%%%yrl éagﬁ cﬁﬁylaﬂhhyzin}rp%z rg)bf (U_xgﬁh§lytmet£rgc?,

al kyl )phenyl (Co-C3 al kyl) 3-6-e eteroc
aI ky 1) Es%dlﬂ‘eﬁbeyledi 3I=Ihtlm’tma’d ylbymﬂiﬁlwvt}é,r piperld;layld dﬁiykl;dpyrldinlyb rytcghydtdpyrigtiny,

%}oal kél.” heLe l}f ] Q roar and Pylhor%%&pg%égz <r3]1I(§1IO %H’gfc‘l fngrft ed
i ndepe aﬂaﬁhﬁyotapdﬁﬁga tp@ﬁqu14—G§atﬁia|ﬁ¥L 19%&951%&1}/1 &L&ﬁtméﬁdhﬁdl BYoxBRpaS; or

R12 and R13 are taken together with the atomto which attached to form
a 3-6 m&la@nﬁbtbﬂd@wpynyl apt il gndibrapane Ist-dithined, By4 mﬂugenh oxpeepinyl,
Cl-3 3 a@{l&myl, thiazepinyl, dihydrothienyl, dihydropyranyl, dihydrofuranyl, tetrahydrofuranyl,
tetrahydrothienyl, tetrahydropyranyl, tetrahydrothiopyranyl, 1-pyrrolinyl, 2-pyrrolinyl,
6




30R14 and R15 are independently hydrogen or Cl-C6 al kyl optionally
substituted by hal ogen; or Rl14 and R15 are taken together with the atomto
whi ch t heyoavtiaehad to forma 3- 6 menber ed het erocycl yl Pcpmisotnatohtwss

substi t I

R T e S e A T b L

R16 andyRizplidingl, tdatbeamyt, @éﬂdﬂmylmpjzﬂazdlhbnﬁhmdaﬁtodmy&h|1mlrdatzble44nﬁ1t tpynhmdinbmyl,f or m
a 3-6 er ed, 35het.erocycl I t|o | t|t e en

2 e T RS iSRRGt RrguE o p bR | v At b Teplaeg! o

opt i onalzhpicyubtd 14ttty pYHQét @fés u‘Rflud%l@ t@@%&@er@(‘i ?ink@%&ﬁmhﬁ@%d%% ‘t‘O(!ot h

the atomto which they attach forma 3-6 menbered heterocyclyl
opt| ondteteyoaemss¢lcQ1¢Cbﬂomw>dyg¢mgamgeo>and eulfi€l- C3 al kyl ; each R2 |s

dent | Cl- | kK t || b t
2098 6250A0PRLA e JROR KI8T R GHuREtEae erclindh vRish of L A SERAIM I
hydr 09%&éro%m%d@ek&ént@%%le%é|ff0¥n E}%?Eﬁ toxlech 44 PP IR rer¥NAhH Bhg atoms
or nu

enmbodi nent i ncl udes c;g?oun s of stere0|soners t aut oners,
pr odr ud@l%n@lﬂr rhideresiyl geaupy mb@pamrealls'aﬂubstltut@ér\@dt oneive msire substituents

he d | b he bi
cont &) Rer e deRt OB R A bR, hRGRard Tahdes 00 afertis T hOBoab roley (Y fex o
N; exaiples Of HdterbiR9l Ofrofyh6 in@iddt, YbiitS abRinodr llfﬁIRZd tU ﬁ&ricﬁnﬂ%nﬁdaz@ﬁ@,,

and Y is 0, S, NR7 or CR7; provided at |east one Y and Z i s ot her
thdd cimidagonyridinykmyrimidid pse;zaza% tr%%qdememylytegémm @wylf thismyhysoxaegan,

hal
03 o3° Aniabiiv, bty 163thiad)) covrloft SRRV SdalRuY iRAED LRBREDORA,
C2- lCG i’hehyﬁfyialnilp hﬁmjb}u&ylauﬁiaﬁolyﬁ ﬁﬂ&ﬁﬂﬂdlyﬁqﬂﬂ:iah&ﬁngll,hpyt&ldam&%namﬂﬁr Esiot‘ndbb?él
oa e en an et er oar are optilon
SRR L IR HIN I A el AR AR G AL O o 1 B R T
ti ong stbsiyit ut ed . R5{ifial N ,
Oy aote-BIHRRI o *3%‘5?55“%6 oyt L aRge, 00 N4 Hazoly,

C12@6 dl th}d -2 ﬁsdlwlylonal tlyaéubdlamlut, ed flwazdmyhal dbgamiueRAY], SRié@zotthhﬁﬂyﬁ
re het er ocycl d het er oa

or phery o tBpa i GO R SuRpglia G- TRHBUE. Ol hrT TR

atom i H{dct&bﬁﬁlﬂsam&luﬂ&eﬁ 1636 thénBR&E Bomatic rmgs Bgnthﬁu 61{60%6] or @&e@ﬁet@ﬂoﬁ% or
Cl1-C6 al kyl, wherein each Cl-Cb6al koxy and - yl "is optionally

subst i tseleelgd fiorhoxygengitiogaorad sulR20), NR16R17 03 C6 cycloal kyl, 4-6

menber ed het c,L d heteroaryl or phenyl; provi ded when Y
is NR7 and |?ag° yef%%ﬁdgnﬁfgbgﬁieadj acent atomin formula | then R7 is

abgsnt ; 30R81“h%ra6b1|891aﬁ6ﬁ‘ "gBCh sﬂaﬂ@he@eﬂﬂ@rRﬁngctﬁma@g%hpr Cl-C6 al kyl
opt i onal l'y substituted by hal ogen; and RO are 1 ndependently taken

t oget her wi tifet fREMat Jeat’'o OkhiEdatmens) mefes i ttherapitico mrephlastic- @alliakiered

v ogac hipyvP B, S EAplY ﬁ?t%‘ﬁﬁt%%Ehe%ﬁtt&mﬁﬁaﬁﬁtﬁ"ﬁ%?ﬁt%%- a3
al kyl )S?Ia?@urpﬁﬂes@b'ﬂai; vkt @5 bERACRI ot eyl clirieal Ssudth kichyde, bt @138 limited to,

al kyl) c%c% oal kyl , aq( %al kyl )phgﬁyl,' (Co- C3 al ky03- 6- nenber ed
het er 0GYEYROTh S(YQP%S 1Ry RbREERAY dricaes gabyied (ieermet WORSNEAPRIpI |
al kgnylof dRkAENYlay GFo iRk KY Hisedl8 HRSREXRhY b A OA A 1iaBBH oPHE Wieadd Fat
optionally subst?t ut ed\%gLg E S(e)ge? ggxo C%?L {1\1%1%% 0 %ﬁ?% a%eﬁyl ; %212
and Rl@nétr@nlsmdle(mlmﬂlmmhmahmbta@ewhmheﬁﬂet@&bdﬂ mindeqetﬂablnal'Tgeatsmﬁmﬂtdahlatsed by
hal ogen, 12 WD .2011/ 025940PCT/ US2010/ 046955
mean prolonging survival as compare to expected survival if not receiving treatment. Those in
need of treatment include those already with the condition or disorder, as well as those prone to
have the condition or disorder or those in which the condition or disorder is to be prevented.
35 The phrases "therapeutically effective amount" or “effective amount” mean an amount of
a compound of the present invention that, when administered to a mammal in need of such
treatment, sufficient to (i) treat or prevent the particular disease, condition, or disorder, (ii)
attenuate, ameliorate, or eliminate one or more symptoms of the particular disease, condition, or

disorder, or (iii) prevent or delay the onset of one or more symptoms of the particular disease,
7



5 or R12 and R13 are taken together with the atomto which they attached to
forma 3-6 nenbered heterocyclyl, optionally substituted by hal ogen, oxo or
Cl- C3 al kybD;2011/025940R14 and R15 are i ndependently hydrogenTars2€G/0@d5a1 kyl

opt ison - .subst 4 . o] ken et it h
Cheat oy iRl il he 08 ROREL it PG B AL L RORRIO st

opt i onainl amamb sl vatyedtpbiydih@ip@efactopx suchras Ghe gatialliaydompbdird &digvase Enditiore

i ndependent |y hydrogen or Cl-C6 al _k)ﬁl gpti onal |y substituted by hal ogen; or
R16 andMR1S AFWTaKBR AEHEY HE- whelghphe! shcomamanalhine Readn el tepiigahebutt 62 or m

a 3-6 ibg%!l . tut ed by hal ogen, oxo or C -C3
al kyl ; %0&%{&&?5&@{@9@9&%@@% epgﬁg%%%jll?@hﬁyagttr’ ogen or Cl1-C6 al kyl

optional | y sillesttimutadcdyy ahdl"caearoust reRir8oandleRirtbeathe phakislvgicahedruétionnint h
the,atomto which they attached.tq forma 3-6 nenbered 13heterocyclyl
optiPondymaliby sy eIl chErgiasd teProrm Qrcgmaglvé%e,g cell growlhcit H9MPE

i ndependgiprikds SdbOaRRe @incelousefts K ﬁxaﬂ%‘és%aéahyersiﬂ%ﬁ% t B{%t efle Pt Hﬂﬁtlgg &0,

and each R21 is independently hydrogen or Cl-C6 al’kyl optionally

subst i tcatcéepniyy lymipboma,. blastementsadomenandfleukkinga ionvemphad paligiadess.cdviprunds
of Fornmul.a st ereoi soners, 20.tautoners and . pharnmaceuti.cal.ly acceptabl e
cal ts oRiRalsr <FHRREFbERRS ey mefils S ol FRERE & FPTRYBEAHENOR SW and
Z are GandeR), t@ig aarfaeleimﬁﬂh@eﬁﬁaﬂl-ceﬂ luihg (@8 c@NHonlsingll ell TEhLOAcdd (YNSCLC"),
enmbodi ments, X is NR6 and Y is S. 25In certain enbodinments, Xis Sand Y is
N. 1Pn @denqsareinompodl thentusg ardisquameusaericivoing offifte lung, senceaiof therberdtoneums, X

is 0, ' [ 7 I.n certain enbodi nents, X is S and.Y is
crr. " 1 MopnBbeltlos dfleck, Eitor stqmpel e BTty BRR ST, et pih B8l

enbodi rander, fioblstdiyalregbenl c3fided, S@friaal dAneAPOM®RNLS, bMdis &BBeraMdpaloms,
CR7. In one enbodi pent, R6 and R7 are_ independently hydrogen or Cl1-C6
al kyl . OFepsherdcHe CoOlORFERsSTerfctal Ranges qelaresinl esnce; pydomeing] qRterneCAIFiBgERA.

I n cer t.ayj; [ 4 [ 7 ' [

nyclr ogcarary SRt HEHoia. Kdndy e AR ks, fbuatd Chr v BIRRGIEE yr i e,
ceifai rhepativadiameoms and chwindR, perdleatcndiha, nfelawntaasswehideiadend seckX¥an@rS, Y
IS CR?iﬁlgq[ Wand Z are C qlln certﬁiisn enbodi nents, X ia S, Yis Nor CR7 and
W and ZPgigrmgcancer may,be ysed ggnericalip &y inelidesvariqus types ofcangenppspeeieallifaind z
are C 1afd aBgvd)s hydrogen, hal ogen other than F, CN, Cl-C3 al kyl, Cl1-C3

al koxy, C1-C3 al kenyl or C1-C3 al kynyl. WD 2011/025940PCT/ US2010/ 046955

51 n cert ai n TowiphdiseephamaRiutizally Reptablel' natbeetesoibat thy sslestanct ed compasition is
hydr ogen, hal.ogen,. i - C3 .al kyl, Cl- al koxy or. Cl1- C3 al kynyl . . In
cort a0 Somph R Hiie g Bt e e SRS SRR r A Ry i
habege and/oMhe GlarkidaPbdiny tr@ieihe Gl koxy. In certain enbodiments,
R, R2 and R3 are independentIY sel ected from hydrogen, hal ogen 10or Cl-C3

al kyl . I n cdmeabrpsenphngmaesutisallyRiccepablasait, R8s ased Leraiwefereiotihpruaicaieat
from h%gée%%%%&gﬁggf %&anéglf;ch%bt;s &JE;)Q gfclﬁéégglldnof%lr%bi%gflen 10rr]1F s, R is hydrogen,

hal ogen,

The compounds of this invention also include other salts of such compounds which are not
necessarily pharmaceutically acceptable salts, and which may be useful as intermediates for

30  preparing and/or purifying compounds of this invention and/or for separating enantiomers of
compounds of this invention.

The term "mammal" means a warm-blooded animal that has or is at risk of developing a
disease described herein and includes, but is not limited to, guinea pigs, dogs, cats, rats, mice,
hamsters, and primates, including humans.

35 The terms “compound of this invention,” and “compounds of the present invention”,
unless otherwise indicated, include compounds of Formulas I-XXV, stereoisomers, tautomers,
solvates, metabolites, salts (e.g., pharmaceutically acceptable salts) and prodrugs thereof. Unless
otherwise stated, structures depicted herein are also meant to include compounds that differ only

in the presence of one or more isotopically enriched atoms. For example, compounds of Formulas
8



In certain enbodi nents, R is hydrogen. 15In certain enbodinents, Rl is
hal ogen. In certain enbodinents, RLis For . In certain enbodinents, Rl
is Cl-C3wbkyivozkocertai n enbodi nents, Rl is nmethyl. | RCTASR@I0M046955

enbqdi . i hal n, CN,_ Gl1- al kvl or, .G -C3 al koxy._ In
cor tai - okus e ol ERIR T BRI ratccThdicilin SRt BB Slipisgen.
I n cer teaitonarmmedireesplsed BY ai' SC-ForOtC-Ghrich2@ eArbos bieakithig MiROopet this ifZeniisn.
Cl-C3 alkyl. In certain enbodinments, R2 is methyl. In certain enbodinents,
R2 i s GRARINEBIZOR GONIOUNDSs  R2 is hydrogen. In certain enbodiments,
R3 is hydro , = I J i i

hydr ogen. Zgl?%pé%?{ltg?ﬁ&éﬁ &%lv ﬁ%%tcg#l%’@nqség‘ﬁp 8%@%&“ﬁﬁgiger aﬁi}}r@g Fﬁ%%f%%tt S,
R3 i s Rropohtiallynusdult iai the erdaonémestt disealds, @ondifZnsanel/ér dinokdBS medulytdd dgen.
In §erh€htq enbodi ments, Rl is hydrogen and R2 and R3 are F. In certain
mb8di ks § R is hydrogen, R2 is Fand R3is O. In certain enbodi nents,
R is F and d%%én?oo@&mé}ﬁ%fﬁﬁsirﬁfeﬁY(g{ﬁggi'aesg{Qﬁeé%ﬁx§§BPF&nﬁl di rents, R is O
and R2 is F and R3 1s hydrogen. In certain odi nent s, is Fand R2 and
R3 are hydrogen. In certain enbodi nents, RR%nd R3 are hydrogen and R2 is
F. In certain enbodinents, R2 and R3 aj and RL is hydrogen. In certain
enbodi nents, R is O and ?lnd R3p2 z . 35In certain enbodi nents,
R, R2 and R3 are F. In ggftaip enbqdi me i s||F and R2 is nethyl and
R3 is hydrogen. In certaif enbedi t)qéJ\ and R2 is F and R3 is

hydrogen. In certain enbogdingfitS;T Rl i aldRR3 are hydrogen. In
certain embodi nents, Rl gbs C\ang R2 and 2ar e hydrogen. WO

2011/ 025940PCT/ US2010/ 046955 5fn certai n enbodi nents, R2 is F and Rl and R3
are hydrogen. In certain enbodi nents, EI is d, R is ethynyl and R3 is
hydrogen. In certain enbodinents, Rl is H R2is O and R3is F. In certain

enbodi RRMédisontsts, dtdorters afrodhigs bRbSihrdack Ut allySacceMable Baleethb@bf) whidhagt ment s,
t he residue: 10R2 of Formula |, wherein the wavy line represents the

poilAt of at thicAmBAY liees repseseat ppfienal dowl)e thonds puch; that gheckiexdle ppigining the
cert ai raoggfg%ghggalgta%mm? resi due:
W and Z are independently C or N;
X is O, S, NR® or CR® and Y is NR” or CR’; or X is NR® or CR®, and Y is O, S, NR” or
CR’; provided at least one of W, X, Y and Z is other than C, CR® and CR’;
20 R! and R® are independently selected from hydrogen, halogen, CN, C;-C; alkyl, C;-C3
alkoxy, C;-Cs alkenyl and C;-C; alkynyl;
R?is hydrogen, halogen or C-C; alkyl,
R*is C5-Cg cycloalkyl, C;-Cg alkyl, C,-Cg alkenyl, C,-Cg alkynyl, phenyl, 3-6 membered
heterocyclyl, a 5-6 membered heteroaryl, or NR®R®, wherein the cycloalkyl, alkyl, alkenyl,
25  alkynyl, phenyl, heterocyclyl and heteroaryl are optionally substituted with OR*, halogen, phenyl,
C3-Cs cycloalkyl, or C;-Cs alkyl optionally substituted with halogen;
R’ is hydrogen, C;-C; alkyl optionally substituted by halogen, or NR'’R!!;
R%is hydrogen, C,-Cg alkoxy or C;-Cg alkyl, wherein each C;-Cg alkoxy and C;-Cg alkyl is
optionally substituted with halogen, OR?, SR?®, NRMR® , C3-C¢ cycloalkyl, 4-6 membered
30  heterocyclyl, 5-6 membered heteroaryl or phenyl; provided when X is NR® and is double bonded
to an adjacent atom in formula I then R® is absent;
R’is hydrogen, C;-Cs alkoxy or C;-Cg alkyl, wherein each C;-Cg alkoxy and C;-Cg alkyl is
optionally substituted with halogen, OR*’, SR*, NR'*R"", C;-Cs cycloalkyl, 4-6 membered
heterocyclyl, 5-6 membered heteroaryl or phenyl; provided when Y is NR” and is double bonded



10of Formula I, wherein the wavy |ine represents the point of attachnent of
the residue in Formula I, is selected from CI In certain enbodinents, the
resi due: wo2dbaRsHornul a |, wherein the wavy |ine repregsemus2tilo@4¢ei nt of

attach ' ' r is selected from WO
201?/ 0%8&8&@%@?@@%&@@%2&%mggbéen}n certain enbodiments, R4 is C3-05
cyﬁL oal l(;ylh wlallealak@/ Ieaclﬁ&déﬁerﬂhmgnhydrﬁ% Gb (ﬁl%ﬁﬂlkﬂ o;lsm;muy sluEstﬁutiﬁd by
t in the cycloa a al ken
g? kyﬁ;ﬁlal%ﬁ%erﬂrﬂ r&ﬁ@%é&@é&%&ﬁ%@ﬂ&tf@%@bfqg@%r wythélapo%?mttwb M%ﬂﬁr@@%&hed to

hal Ogerfonﬁggrﬁ’fnem%e%efe}’é‘clygﬁ% Iﬁﬁhonaq sgﬂa]s__{gﬂte@ lbgllal&%% el b{ky¢ L!Jﬂ%}f tuted

wi th hal ogen. 10ln certaln [ rren c¢ycl oal C6 al kyl
optional |y Ribsthyduwged; wi th hal ogen or C3-C4 cycloal kyl, or NRS8R9. In

b t d | d
oaiBe o o " T RGeS R WRBEREGEES SN %”eééo@w@ql?@%“”&g%%sa”
| kyl Zﬁl l t

o oy SR B L0y RIGL CACT ANy O Co MRA, (L 0P pRYBORR A loafiylCo s
C3-C4 @ylml)cpacm (Co-C: alkyl)3n6-ownthiad epdsogichant &Co- @aalkyl) D pohapbapd heterahy |

ooyl FUEHH sokd Gt Sksmale o RO TGS oo DB ngHe

4-fl uordpﬂbﬂmw subaltﬁtedrbﬁ/lhm@@prweyd)Rﬂ NR"®R" or C,-C; alkyl;
4 chloro-3-trjfluoromethyl p heni; -methyl -1Him dazol 4-yl , furan- |, pyrid

nd2-yl, 20 Hs)y AR -aze idepanden) ogep|or CiNHalkdigptionalicHbeiRieddy ha ogen;
- N( CH3 %2 di
cyE:I opa opyI pr :)3[\4& f t(iﬁ%{hep tﬁbjﬁ[“é Pt"’nmewféfﬁ %heél%%;—% m&%@%ﬁ él—&&lembered

- CH2 CHZﬁt%Bocxyykyll Q}ptlﬁwlyr@bktﬁhted NM%%@H%%B,or O}I((Q"&'H)}@‘QC"B -N(CH3) 2, or

pyrrolidine. 25| n gertal n enbodl ments, R4 is cyclo rop propyl, butyl
"2obutyl | - e R “@rpadgpenden or BB SBRSHP st

- NHCH2 tyl b
o G‘l%%g};%lq RP 2%45%%% rfb&%fﬁég g’ﬂggﬁ% %%?fr{%t \hl?/llcﬂ 'il%@/yelttacllfkld 8lforrh 5308 éhibered

20  heterocyclyl optionally substituted by halogen, oxo or C;-C; alkyl;

' and R' are independently hydrogen or C;-C¢ alkyl optionally substituted by halogen;
or R' and R"7 are taken together with the atom to which they attached to form a 3-6 membered
heterocyclyl optionally substituted by halogen, oxo or C;-Cj alkyl;

R"® and R" are independently hydrogen or C;-Cg alkyl optionally substituted by halogen;
25  or R"™ and R" are taken together with the atom to which they attached to form a 3-6 membered
heterocyclyl optionally substituted by halogen, oxo or C;-C3 alkyl;
each R? is independently hydrogen or C;-C¢ alkyl optionally substituted by
halogen; and
each R?' is independently hydrogen or C;-Cg alkyl optionally substituted by halogen.
30 Another embodiment includes compounds of Formula I, stereoisomers, tautomers,
prodrugs and pharmaceutically acceptable salts thereof, wherein:
the dashed lines represent optional double bonds such that the bicycle containing the
double bonds is aromatic;
W and Z are independently C or N;
35 X is O, S, NR® or CR® and Y is NR” or CR’; or X is NR® or CR®, and Y is O, S, NR” or
CR’; provided at least one of W, X, Y and Z is other than C, CR® and CR7;
R' and R? are independently selected from hydrogen, halogen, CN, C;-C; alkyl, C;-C3
alkoxy, C;-Cs alkenyl and C;-C; alkynyl;

R?is hydrogen, halogen or C;-C;3 alkyl;
10



In certain enbodinents, R4 is C3-05 cycloal kyl or Cl1-C6 al kyl optionally
substituted with 30 OH, hal ogen or C3-C4 cycl oal kyl . In certain
enbodi mrenwe,20R402580C3- 05 cycl oal kyl . I n certain enbodi meoraiS234/04®5C3- C4

cyckoal kyl . g5 egid i doaroe] ?ﬁ QH?I CQACG' atkeny L @QG%P??JDXP E}h&%f‘f’ I ngh%knbe}éa

certain enbodinents, R4 1s cy tarn e I ments,
R4 i s @kte@rgl kyNR R?'; wler¢iaithe eydxomil{ymaikﬁl alRénylsalkyigt] phepybmyd het@bimyl wite or

but y| mh
2011/ 0SS UETHORB ) DAb U Siscr P b Y. puC-s clkvbgrtionly

opti on%hbglt&g@%ﬂhtﬁal aW th hal ogen. In certain enbodiments, R4 is -CF3,
-CH2C1, -CH2GF3, -CH CI—iZCHZF - CH2CH2CF3, - CF2CF3 or - CF2CF2CF3. In certain
errbodl ment s RR&W@%@-@G@@H@E QIrNRla%IQ‘CHZCFS I n certal n enbodi nment s,

Cl- C6 b t
cydPoal oyl s i Piin C ot atioRERTG-CrIRF Mot ogtcsraninyy and & Caalkyl s
(- CH2- cz)mb@dlryoawsmuﬁd %@thcﬂﬁé%éhumzf’fﬁsnw NR G2~ Q)gfd(,oéyéldélﬁyl 4% GRARIA

enbodi ments, R4 is cycl opropyl net hyl cl opr In certain

enbodi rlfrecyciRh 56 membegddiekgrpargier nhnayll; yroy dtvhen >5t$ MR #ndosdaylle bpmded

cert ai greth I In certain enbodinents, R4 is
phenyl QOQI{;"Q@%{};]‘?Q{O fm{“ﬁ? &}1 h> ’hal ogen, C3-C4 15 cycl oaI kyl, or

01 ¢4 al kyI 20 1 hmagdnycwiaan«)wbﬁ@l @kalhyhaihe@ﬂneachmlagrauwxp aﬁ&@@d]diﬂ@l B, R4
henyl opti onaII substituted wi,th halo In certain enbodi nents, R4

Iahespriowily ebstit dsWHEtIF%IQﬁeédQBrt hSRT i R Ky Cadpt exsialy). dGomembaredd
th h 4 t d
x B e R S R R Rl
certai ro emrbabdcemeatbm meénmﬂamltlmn)R is hbseaert ai n enbodi nents, R4 is phenyl,
2-fl h 3-fl 4- 1| h l. 2,5-di fI phenyl
2o oo 0% LR EREL F US SRR P Sl erephen
nmenber ‘?ﬁld@@ﬁ %rrRa%b{Jl Re’ﬁ’tre' %@?Eﬂdén@#%%ﬁ jéo‘é%&:]gr With bhe to Wh hthe are a hedhto

, hal ogen, - cycl oal optionally su stl ute

haQ@getform n%@mﬁmbcreéﬂnb@mcmelm 9pt1m1hy$ubstﬁut6d behbleged okeveCodhplkybpt i onal |y
substltuted% :Lér 1-C4 alkyl. In certain enbodinents, R4 is a 5-6 nenbered
het er oar yl EBrefP&fle heteroaryl contains one or two 25 heteroat ons

sel ected frqh thayaroosp J{@@-‘E}ﬁiﬂg’]iﬁ@f ((%X(Ygﬁe tyl)N'Hl*f@‘@e(Coa@zd aPR’}*l)f)R'a OL-C;

certain enbogd nents, R4 nber ed er oar wher ei n

h(rar{) e(rj oalyDSRs’, |Qnr@(a2]dib’blcz €upkegyl, Coysi akymll, o- (ﬁahalby)hénﬂs CYtlngkkﬁ}r , t(80 163
1H
oy ai Angphedit (oG aEARY bt PGB Y ot D) sem b rogiy

cepfai mlﬁféi)@ctlamsmlll@l Bkeayld dﬂ%fr@[ ecytfodingdeperasiitlyy, hekratyedadd @ﬁbﬁwdmgen
and Cl-Cg alkyl . In certain enbodingnts, R8 is hydrogen. In certain

enbodi ﬁﬁﬂ?@lly%bﬁtgu@bmalﬁg%yI0X0alQcheNRa& ebols Mkkts, R8 is ethyl or

"Bt e Ty B Gl AT RAL

enbodi we Rt sand B> andtaken tdgg’fhbhezlithwhd fitotnhee wihith dgentthchedho cfdsmi 131656 membered
attachﬁg 35 E]Pégma4to heterocyclic ring. In certain

enbodi BEFEEYCIRS ORHeNaRy SPB%WE@?Y logen, ggo AT Lr-bgdfkylio which they are
atggched fo B clic
T R Cont ) e, R R e Sk e o € G T R B Rhlluinda B AbeG

pyr r ol iodRneand R" eer tahemtosgﬁﬁhedwnh mlhesatoﬁ4t0|vsh1dythe§alattd¢hed td foryd a 3+membe@in

errbodl nts i.s sel ected yl propyl net hyl , - CH2CH2CH2F
SRy Olmnaﬁy st Srdoseto G EAHER N H Rero Re
R'®and R" are independently hydrogen or C;-Cg alkyl optionally substituted by halogen;
or R'® and R are taken together with the atom to which they attached to form a 3-6 membered
35  heterocyclyl optionally substituted by halogen, oxo or C;-C; alkyl;
R'® and R" are independently hydrogen or C;-C¢ alkyl optionally substituted by halogen;
or R'® and R' are taken together with the atom to which they attached to form a 3-6 membered
heterocyclyl optionally substituted by halogen, oxo or C;-C; alkyl;

each R* is independently hydrogen or C;-Cg alkyl optionally substituted by
11



XXI'V An enbodi nent of Fornula | provides conpounds of Fornula XXV: WO

2011/ 025940PCT/ US2010/ 046955 0 NR4 HO xxv In certai n enbodi nents of
Forrmul a IwORbMizme4R2 are F, R3 is hydrogen and R4 is prepylus2swomsshat t he
comgour}gﬁ)ggg.v gt he structure of Formul as Xl V- XV: R6 XI VXV 10l n certain

enbodi nent’s of Fornula I, Rl and R2 are F, R3 is hydrogen and R4 is

3- f | ur or opr apyt R*lin irdlepémientle hiiatrdgenpont(-Of alkgroptibadl]y fabstitate@bydntbgBR is F,
R3 is hydrogen and R4 s propyl, such that the conpounds have the structure
of Fornul as éaﬂth%ﬁfﬁm%m@t yicludes unds afpformulnd, stereqisqmergytautomers,

o TP e SRR ANkt ol o 1 croos et
3-f | ur or opr diwydashed lines represent optional double bonds such that the bicycle containing the

10 double bonds is aromatic;

W and Z are independently C or N;

X is O, S, NR® or CR® and Y is NR” or CR’; or X is NR® or CR®, and Y is O, S, NR or
CR’; provided at least one of W, X, Y and Z is other than C, CR® and CR’;

R! and R? are independently selected from hydrogen, halogen, CN, C;-C; alkyl and C;-Cs

15  alkoxy;

R’ is hydrogen, halogen or C;-C; alkyl;

R*is C3-Cs cycloalkyl, C;-Cg alkyl, C,-Cs alkenyl, C,-C¢ alkynyl, phenyl, a 5-6 membered
heteroaryl, or NR*R®, wherein the cycloalkyl, alkyl, alkenyl, alkynyl, phenyl and heteroaryl are
optionally substituted with OR?, halogen, phenyl, Cs3-C4 cycloalkyl, or C;-C4 alkyl optionally

20  substituted with halogen;

R’ is hydrogen or NR'’R!!;

Ris hydrogen, C,-Cg alkoxy or C1-Cg alkyl, wherein each C,-Cg alkoxy and C,-Cg alkyl is
optionally substituted with halogen, OR?, SR® NRMRY, C;-Cq cycloalkyl, 4-6 membered
heterocyclyl, 5-6 membered heteroaryl or phenyl; provided when X is NR® and is double bonded

25  to an adjacent atom in formula I then RS is absent;

R’is hydrogen, C;-Cs alkoxy or C;-Cg alkyl, wherein each C;-C¢ alkoxy and C;-Cg alkyl is
optionally substituted with halogen, OR?, SR® NR'RY, C5-Cq cycloalkyl, 4-6 membered
heterocyclyl, 5-6 membered heteroaryl or phenyl; provided when Y is NR’ and is double bonded
to an adjacent atom in formula I then R’ is absent;

30 R® and R’ are each independently hydrogen or C;-Cg alkyl optionally substituted by
halogen; or R® and R are independently taken together with the atom to which they are attached to
form a 3-6 membered heterocyclyl, optionally substituted by halogen, oxo or C;-Cs alkyl;

R' is hydrogen;

R is hydrogen, (Co-Cs alky)NR?R"3, (Co-C; alkyl)OR?, (C;-C; alkyl)SR?, C;-Cg alkyl,

35  (Cy-Cs alkenyl, C,-C¢ alkynyl, (Cy-C; alkyl)C3-Cs cycloalkyl, (Co-Cs alkyl)phenyl, (Co-Cs
alkyl)3-6-membered heterocyclyl or (Co-Cs alkyl)5-6-membered heteroaryl, wherein said alkyl,
alkenyl, alkynyl, cycloalkyl, heterocyclyl, heteroaryl and phenyl are optionally substituted by
halogen, oxo, OR? 1, NR¥R" or C;-C; alkyl;

R"? and R are independently hydrogen or C;-Cg alkyl optionally substituted by halogen;
12



In certain enbodi nents of Forrmulal, leis Fand R is O, R3 is hydrogen
and R4 is propyl, such that the conpounds have the structure of Formula
XVI 11 - Xl Xv0 20100544b XI X 201 n certai n enbodi nents of For rrmbzl/llszml@,l04d9ss F and

R2 ks 1 13h d R4.is 3-1l opropyl . f Lmnt s,
R De MR oih R N 88T e B8e Sapcs fieniPriRuRE s def e -G B e
R5 is @ktef&yalykg;dptlolhany@aestﬁﬁiaa@ymﬁn)tgen Rxoios OF&L;ityl; In certain
enbodi nment s, BS i 50 - al kyl optl onal Iy substi tut ed by hal ogen. I n one

embodi nent , SaIF%Rn@F%VIIdCP@@WlY hydragegror €t alkyl Optlollla&l)’c%lbﬁt&llﬁd ibaleesnt s,

) L e AHRIRE A S GRS ok st

C2-C6 hé&rc&lyk}yhyﬂ)uon(a@sﬁﬁ?suaitww Ko gem, Oy e bo@]- Eyhl,ky(,Co C3 al kyl ) phenyl ,
( C3 al kyl nbered heterocyclyl or_(Co- al ky
Oq 8roaryl, ‘3 LRR asgingepandgntly hydeagan or GarGayatiy] Ope%%lfyaﬁu%ﬂtutgﬁgt/@@@&% yl,

het er ogf Y{lm %@Rg%flﬁa!kfﬁ'&?geﬂﬁ} WaRahd ¥to n%P@%hlEHtﬂfe@ A4 BIE a@x@me%%ljed
NR18R19 or Cl1-C3 a I'n certain e inents, "R5 1s -NH2 or -NHCH3. In

cert ai rlneemmd]ylrepucmalIRSubsatmedl-m hal dGHBx@or ENBCRIREE3. 151 n certain
enbodi nent s, le%dn 1oNRLRI

Kis hydrogdh, Rre }ngle}ee@gerég' hydeggengrtarilistertanally,sphstise by paloges;

al kyl) QRR08 al@lR%r@{a!f{Wl tog%ep@n‘ﬁltﬁ@ Qﬁbhl to@hlgﬁ tidyiaavied tb @OmE3 388 KtlnbeRdCo
cycl oal kyl, (Co-C3 a ( Co- al ky1) 3-6- nenbered heterocyclyl or

( G5 C3 haieraeyy ! Gptmﬁﬁgswtlhfé@%bmbﬂlygen okeelrCsalkyl;al kyl , al kenyl, al kynyl,

by hat ogon, bR s perigdsdfn B BRd e B LRI opsBi A AR odi meont o, R

i s NRi oRidgen;ad RH) and a K are hydrogen. In certain embodinents, R5 is
NRioRi i, and R i s hydrogen
and R11 is ©achR’'ds ingependpntivohuirogensunisistGaalkd @pEgnaily syhetiiuted hY@ﬁ@gen

nbodi t I t,
R11 s ot e fdEB o6 S Hhenal bRRYes ol RGP Y frorhfle X S e
2, 20di fhwemestahy bhartha2eichlly htceprabltshltd thereofir opyl , i sopropyl,

2, 2-di met hyl propyl, butyl, sec-butyl, 25 t-butyl, pentyl or pent-2-yl. In
one enbodi néﬁ?e“%limbgdlﬁﬁpﬁyw isdt-nyl, 2-fluoroethyl, 2,2-difluoroethyl,

2,2,2-trifl L!HE&%H&:nbo&ln%thW and 2gfér@pyl 2, 2-di et hyl propyl, butyl,

i so-butyl, sec-buty utyl, pentyl or pent 2-yl. In certain enbodlnents
R5 is NRi 0R|Ih pemmembb’dlmentsyﬁrmﬁaﬁ aadhd IRB1 is Cl-C3 al kyl, optionally

substituted_by hal ogen, .or f] odinment, R' is 2. hydr oxyet hyl or
30 2- met hoxyREHY in eBodigens; h‘:Bo iirS{nltggb RS is NRI oRii, and K 10 a is
hydsogen anqn&ﬂdﬁe&%@(@ﬁleﬁ&ckngwh,yQNI onal |y substituted by hal ogen. In
one enbodinent, R | is cyclopropyl, cycl obutyl 3, 3-di fl uorocycl obut - 1-yl,

cycl opent yl Incmlmhmhydmmntmms @Wlau@h(asﬁﬂ ohex- 1- yl . I n

certain enb nts ¢l N 0ne kment, RS is -NH(CN). In
certain enb mb?égn}egtsmg éﬁifésr %ndngd?ﬁge and R* is (Co-C3

al ky1) OR20. 1h Berﬁaﬁ‘ﬂi Eﬁbéﬂlﬁl@'ﬁ@@(mﬁrﬁl YRPCRS M%la@anlbodmﬂeat R’ is hydrogen or C;-Cs
is hydroge and R' is CH2CH2COH, CH2CH2OCH3. I n one enbodi nent,

R5 i s 2fgy.cangther Rmbm)lt Rfis hy@ombodu ment, R5 is -NH(OH), - NHCH2CH2OH,
) N|§|6:HZ CHZCI}E? hain I!n(b%_rgénts, X is NR® and Y is CR’. In one embodiment, R® and R’ are

independently hydrogen or C,-C¢ alkyl. In another embodiment, R® is methyl or ethyl; and R’ is
hydrogen.

In certain embodiments, X is O and Y is CR’. In one embodiment, R’ is hydrogen or C;-C
alkyl. In another embodiment, R’ is hydrogen.

35 In certain embodiments, X is NR® and Y is N.

In certain embodiments, X is S, Y is CR” and W and Z are C.

In certain embodiments, X is S, Y is N or CR” and W and Z are C.

In certain embodiments, X is S, Y is N or CR”, W and Z are C, and R? is hydrogen, halogen

other than F, CN, C;-C;s alkyl, C;-C; alkoxy, C;-C; alkenyl or C;-Cs alkynyl.
13



WO 2011/ 025940PCT/ US2010/ 046955 5In certain enbodi nents, R5 is NRioRii,
K-10 is hydrogen, and R11 is (Co-C3 al kyl )NRL2R13 and R12 and R13 are
hydr ogen wo 200/02394al Kyl . I n certain enbodi nents, R5 is EGHZTN2NOCHIFL.

In gertain I . | S5 INR l.and R1.| [ i - C3
kD) 5 6. el SR, R RS e Aoty (YL IRRE R Tt Saleled,
NRL8R1ELNC\AC; £RylaClyl; alkoRy o€ C s nllgmbndi ments, R5 is NR1IR11, and Rl is
hydrogen and RH is pyrazolyl qr 10pyridinyl opti onallé substituted by Cl-C3
al kyl . I n cerf &FPHaiB s HeHS R pod R'sare indapegdesily solsrted fipm Bydiggen. drlpgsn.y | |
In certajng i S IS NRRoRii, and R1 is hydrogen and RHis (CO-C3
al ky1l) 3- [bﬁe%%giél hrﬁelts%régg?/%? | optionally substituted by hal ogen, oxo,
OR21, NR18RIS cataifimbadimentsaRkR>.and R’ aerindépenémitlydtloend sronRbydregehFhalogeand
R1 'bs hé%O e nd RH is azetidinyl, oxetanyl, 15 tetrahydrofuranyl,

tet ahy’ ﬂ%railﬂ& , piperidinyl, piperazinyl or norpholinyl, optionally
substituted L : upStR2 N W i

cmbodi ment s, ST SRR RS R gRiplenetrlaty Mlectel oREHI @bt F. Clo

t et r ahyathydyr anyl , pi peridi nyl, piperazinyl or norpholinyl. In certain

enmbodi nents,, R6.i.s hydr.oge . Cl-C6 al kyl, onpt.ianall ubst i.tut ed by

hal ogen. 20} ferEap F@%ﬂélg%ﬁgdﬁnjé%'[@f(’g% l}%’gﬁ?n&ggéﬁ%éf‘%%é?rh@!'@ ulﬁfo%}ér tain
enbodi ment s [n Bértdif eABbdients! R kefyliRjgen enbodi ments, R7 is hydrogen or Cl-C6
al k optionally substituted by halogen. In certain enbodi nents, R7 is

| '
hyd%ogen or Isemtain emppdigentsaRhisdranedi nbneestairRimbadimentsyR . is KstCHer

enbodi nent i des_compoundsi of ~ Far nul,as. XX- XXl | |: ..25and,,$t er epi soners,
t aut oners ar%@%%)&h%? ﬁ%@%@%% rﬁylsa%é@bgg%lr gnggﬁt?lg e?‘hgglgbefl%’ %hésrnel?tﬁy 1, R2,
R3, R4, R5, IXcédn ¥mdbdinaatsgR? is8drdpehalogen, CN, CAGR &t oc0hod IkeRY.

i ncl udes conpounds of Fornula,l, stereoisomers, tautonmers and

phar maceut i darcerainewbpdigients, Baisthydrageneof , wherein Wand Z are C, Rl is O,
R3 is hydr O?ﬁ‘ Eet%ﬁﬁl Bodithe fsf kupsrl%% %Hyi ce%@ﬁp%pﬁimgﬁ@% R, l.nC| udes
conmpounds o ormuf a ?, st et eol somegrs, I%au oners and pharnmaceutically
ac@ept abl e daktrsih babedinenwhRf & @y-WY slkgl. Zn @6aifCem¥odigneBR7R> RiméthylCl , R3 is
hydrogen, R4 is 3-1‘81%:‘50r,0pr0pﬁ5,and R7 is hydrogen. WO

2011/ 025940 1133 gOPHHEIESRE st Clwi | | be appreciated that certain conpounds

of the inven}i.ahiNenbs&te {”Rar%)dgﬁfé hc or chiral centers, and therefore
exist in different stereo?s?brreri c%?err's. It is intended that all

st er eoi somedi certtain embodintents, B isydrugsn dfalddes or Ay€htallon, i ncl udi ng but not
limted to, .dia tereﬁ epantiqmers and atropi soners, as well as

rs,
m xtures t hdP SHTARER, g@?ep‘f?c mSYA9&€br es, form part of the present

i ngention. IRtatdiNempbditfehtd! RSisHa®¥Ren NE &irfdin YHSSRmERS, T 8FeRENem stry of
any particular chiral atomis_ not §peC|f|e , then all stereoisoners are

cont enpl at edn gerthin pwbodientssR{ aed Boap diandR g hydregémvent i on. Wher e

stereochem stry. i.s specified,by.,a solid dge. g5 _dashed line representing a
particul ar 2%8%&1%?@B?cglﬂl,enfsh}én}/stwgfogg’?@? i g% ralieg‘s'so speci fied and
defined. |t Iwcétai@b@BoditheaRPRERIBURGch R is Famp@ingel.of Fornul as |- XXV
include tautomeric fornms. 15 Tautoners are cogpounds that are

i nt er conver R BeEaingmbedimsnisr Rz isth a1 R7isiE apd Rivisrigdregssur s due to t he
 gpat | f ; ' the switch of
o 3076 bona 1 Sertiib AR RRE RO, (% FERER Ity the Sw feh of @

1H pyr r ol o( 2p eripyimbodinenissROBE afd RhendtRiuire ipdrogerf.or s of 7- azai ndol e.
Anot her tautoneric fgrm of 7-azajndole is 7H pyryolo(2,3-b)pyridine. Oher
taut oners ofi EeFtaiRFRBodimeNty, RagndR syye hydiogen arst Rels Foosi ti ons, i ncl udi ng,

but not |i myf @éjrhe@h?emwcﬁm%gtsskt 51&[’!@%?% 4 %‘ﬁgdﬁ%ﬁt i on dependi ng on the
substitution. The conpounds’ of Fornulas I- re“intended to include all
t aut omeri ¢ fimrertain embodiments, R' is Cl and R? and R? are hydrogen.
35 In certain embodiments, R!, R? and R? are F.
In certain embodiments, R is F and R? is methyl and R? is hydrogen.
In certain embodiments, R! is methyl and R?isF and R? is hydrogen.
In certain embodiments, R' is F and R? and R® are hydrogen.

In certain embodiments, R' is C1 and R? and R? are hydrogen.
14



It wll also be appreciated that certain conpounds of Fornulas |-XXV may be
used as internediates for further conpounds of Forrmulas |-XXV. It wll be
further appreciased that the conpounds of the present i BReeEntS2@0/On@Ps exi st

in 25 unsol vated.. as |1 as,solyvated: fo i th pharmaceutically
accépt abl e \gglcgrg%{mg?ab\é\%g}?nﬁg féf“,lﬁgt I?r\é\ﬂgﬁ‘flfogﬁ% like, and it is
i ntended t hah ctitdn embedinicats, Ry @c R” RodtlySPhyeRed lyathgdnpsol vated forns. The

term"prodrug” as used in this appljcation refers to a precursor or
derivative flBegitan cambedimsatinB ofHiReisiGlapd R énFthat is | ess active or
| nactive compaged Lanbif il RNb,LRIBRYDS:QE, driR2 ROCRNd s capable of being
met abol i zed 1Tn vivo 1nto e nore active parent form 'See, e.g., WI man,
" Prodr ugs i finCamieembBbéimtiethapysid®: ochem cal Soci ety Transactions, 14, pp.
375-382, 615th Meeting Belfast (1986) and Stella et al., "Prodrugs: A
Chemi cal Approach to Targeted Drug Dgfivery," Directed Drug Delivery,
Borchardt et al., (ed.), pp. 24¢4267] Humana Press (1985). The prodrugs of
this invention include, but are no 't%d o, N-nethyl prodrugs
(including 35 N-nethyl sul phonani dg hdr u é’?, phosphat e- cont ai ni ng
prodrugs, thiophosphate-containi Ay gS >l fat e- contai ni ng prodrugs,
peptide-contai ning prodrugs, D-amnolacid nodified prodrugs, glycosylated
prafrugs, f3-1actam containing prodrBgs, optionally substituted
phenoxygeetailh f8m120h MdWAG lﬂfegg%rl:'%ts tﬁ?#yéiﬂp&{ ahtfchi bt tthg tre'?sﬁidﬁle in Formula I,
phenyl acet am de- cont ai ni ng “prodrugs, 5-tfluorocytosi ne and ot her
5- f | uonssel¢ctiidifeormpr odr ugs whi ch can be converted into the 23 WO
2011/ 025940PCT/ US2010/ 046955 5nore acti ve CMt otoxic free drug.

not be as actif{e as the

CONpPOUrs Formul as |
However e pro@umys are
active R®E (tes of cqpg
COVPOUNDIS oufs ©

synthetic rputes that inclugd
the chemcal arts, particularly in |ight of the description contained

herein. The ktarting materidls are general |l Yyl avail abl e from conmerci al
sour cesg s Sigma- A dri (St. Louigs Wward Hll, MY,
or TCl (P d,0.0B), OrY&reYreasli by prewe % ] weld known to
t hose s n N art are d all | yNeescri bed
in Loui s I edef apd l‘;hry I exef, Reag Nt eST 3R V

1-23, New York: Wley 1967-2006 fbd. (al so ayaildble via thg
I nterScience(r) website), or Beilsteins Handbuch der organi schen Chem e, 4,

Aufl. ed. Springer-Verlag, &erlin, including supplenents (gl so avail able
via the Beilstein onli daf abase)). | 3: prepari ng conpoundg of The present
i nvent i om, tegtic?no bt e functi onal#ties ég(ge.'fg 'rra:?yeggr
secondary esN\gtc.). o i ates e megessa e mged for
such prs WIS 4V a n eSof_at Pre o ~S_,

y and the conditionsi of the preparadi on nmethodg. Sy

anilho- prot etti ng groups (NHEPg) include ace®lyl, trifiuoroa€etyl,

t-butyl oxycgrbonyl ("Boc"),benzyl oxycarbonyl ("CBz"), p- MRt hoxybenzyl

("PMB") and|9-fl uorenyl net hyl eneoxycarbonyl | ("Fnoc"). The meed for such
\ . & N h

pr ot ectfing ed 25 b killed i art. For a
gener al 0P 1i n8\ g oups P | heRy fuse, W /& eene,
et al. ‘ MNPS-Sn 4Or ; n QSI4S?}h Qr Igs\W4I ey

| nt er sci enck, EI ust¥ative purpfses R sthenys 1133 dtow
general netkhods for preparimg the conpoundsqof the presentgyi nvention, as

wel | as key internediates. For a nore detailed description 30 of the
i ndi vi dual Teaction steps, Bee the Exanpl eg section bel ow§!'Those skilled in
the artHw appreci at 1t hgt ot her syn J

synt hesiz e iaqventive

and reagel re%@i ct
starti ngsnma erigrs &\Ad Teag
vari ety of geriVatives and/Qr reaction conditi |

conpounds prepared by the 35 net hods descri bed bel ow can be further
nodified in light of this disclosure using conventional chem stry well
known to those skilled in the art. 15




Schene | Schenme 1 shows a general nethod for preparing a conpound
1.6, wherein R, R2, R3 and R4 are as defined herein. A benzoic acid 1.1 1is
esterifi esototizo2amhyl benzoate 1.2 by treatnent w th trcraishylosisdops

di azomet hanlg in MeOH, or vil_a| Fi scher esterification conditions, such as 10

treatment wth trinmethylsilyl chloride ("TM5CL") in MeOH. Reduction of
nitro ix Yedi ate 1.2 tQ _iAS_anm no ana £33 is perf peh Usi Nng a

st andar d tiQppP such eaQught wit C Quf H2. jul Qorani de 1.4
i s obt atmed PR trsat ment e ais i nes X h_gsyl ko | ayg de
RAS02CI % n The Bres&ice” of b baNe, ich &s N i nRan"&r ggni c Nsol went |

such as dichl oronmet hane ("D§M'). Hydrol ysi sl of conpound 1.4 is acconplished
under basic conditions, such as aqueous 15 NaOH, in the appropriate solvent
system such|as THF and/ or to provide @ carboxylic acijd 1.5. This

conpound inla suitable is treated w

. S0 " p
di phenyl pifo onpc @zi de [ DRPA"D d a Dp suoch @s tri | ar® n@
(Curtius ang%%ent ons\\g/mand slb: juentyy hydig ] d/t\\gf\forman
am ne 1-% e MRy a” 201 f02\5§40}a IS20N0] 048955, 53 | aBRshows

compbunds 1. 5. Agj ndbenzoi ¢ acid
02C1 in the presence of a base,
ol vent, such asCldi chl or omet hane (" DCM').

an alterétgve fet hod for the synthesis of
la.l is tre Ped with a sul fonyl chloride R4
such as NEt¥ in an organic

Hydrol ygi s of conpound I.2 | s acconplig nder basic conditions, such as
aqueous Na@H, N n phey approgri aj e golgrent gueh as THF and/or MeOH,
to provigde mony” sul f.on die 1.\‘;{/ 10 me \g/ Schene 2

descri be:&gt e SYRthegis NE Mpker esNZ Trewherein R, R2', R3

and R4 and R' ard as definedl herBin. A benzolc adid ester 2.1 is treated
with an al kdxi de NaOR2' (V\/necf'ein 15 R2' is d1-C3 al kyl) in an appropriate
sol vent, su . teo formthe ether internmediate 2.2. Reduction of
the nitro g(rﬂ(gﬁ%%aéﬁ%pg(ﬁslglgﬁtsa%elr?{@eﬁ%. 3, which is reacted with a sul fonyl
chloride R4SO2C1 in the presence of Rase, such as pyridine, to give a

sul fonam de internedi ate 2. 4. Beqzyl ation with an optionally substituted
benzyl halide, for exanple p-nettheyybenzyl chloride, (wherein L is a

| eavi ng group such as chloro, bro dop\\rz/(PifIate, tosylate; and W is
hydrogen, 20 ClI-C3 al kyl or Cl1- ORY;

RY, ANRd in one exanple, R' is
hydrogen, in another exanple, R' s Dve) N n t'he presence of a base, such as

sodi um hydri de, yields the protectedrsul fonam de ester 2.5, which is

hydrol yzed wi.t h aqueous base, such, as NaOH, to formthe acid 2.6. In the
Iagb st ep, ;9659% ?ﬁowﬁ?ﬁﬂ twaygqmséﬁprsw&%ﬁtm%ﬁé?ﬁ?@ﬁ?ﬂbﬂﬁt@aﬁ%@&u@m
hydr ol ¥glfudiVeSelcled @30 i nternediate 2.7. WO

2011/ 025940PCT/ US2010/ 046955 Schene 3 Schene 3 shows a procedure
for generating t@le aniline internpdiate 3.1, wherein R' and L are defined
in Schene 2 and are as defined herein, through protection
of the sul fonard 1060 This transformati on can be
acconpl i shed, by trkat mbfit wi ty D ojXf onal |y substituted benzyl halide
(e.g. p-nethegybenz H’c i e Hﬁas\a,“ such as sodi um hydri de.

R3
R1
A\
},_s’ N/S\R4
H
R2
15 of Formula I, wherein the wavy line represents the point of attachment of the residue in

Formula I, is selected from:
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Scheme 4 15Schene 4 describes the synthesis of an aniline ester of Fornula
1.3, wherein RI, R2, and R3 are defined herein and Ris al kyl such as

met hyl , ewbybiiansdenzyl . The am no group of an aniline #CI/nsgoipnedssst ed by
reacting with hexane-2, 5-dione kp the presence of a catal ytic anount of an
acid, such as p-foluenesulfonicjacid, in a solvent, such as toluene, to
formthe 2, 59di g8 ylgyrrolé dertyative 4.2. Reaction with a carbanoyl

chl ori de RQ(C= i n\tpre preg gh oﬁk butyllithium 20 or a conparabl e
agent in a s eNgePwent 5 |,eads to formation of the ester
anal og 4.3. THe &ning functio Phpodhd 4.3 is deprotected by reaction
wi t B hydroxyl am fle in a suitabl €\sol vent, such as ethanol, leading to

formation of, inte flate 1.34. .15 15, 2 che e

descri bes t R Cglit/ar#' E@gf)‘?}moefl tlSaﬁ lgr%l'énc C@%ﬁ‘é’f’%&f@?ﬁu@%@?@?ﬂy\?ﬁ% ??‘}Eﬂy}’ R2,
and R3 phényl\\D 520 hienQR B RREDADI0 NR*RA6QBErefn @k e ydiohikpEdiiier dkénydnakihyils

al kyl such as nethyl, ethyl - or benz,glkFi The angjno group of an aniline 4.1
pr ot ectRAgyynd dgterdary] ajg enflopally substimgdowisiORet lhplogen. phyrslnGrEs Fyrlealeyl, or

pr esenge _of . . . -butyllithiumin a suitable sol vent,
such ag@lT ,lﬁ%l?)tp Flggvaq%@%%gt}tg#g%g}fhég?%& -78 C, to formthe

1- dfa- 2, 5- dilsickagiyantpdithansg R s €;rediyal @il 1C,-Chialkyl bpticrade tsabstitited with
carbang%l chlokid C:OﬂCl i ng tshe presence of. n-buty“%Ltpiumlgr a

conpar aBl¥R§E fe-Garcygloaliivt.op R db} Vigrfertain epadigentst phly At ndeneddentli on

of the ®RERH fAARhRFognZnd lec ko function' of compound 5.2 is deprotected
by reaction with an acid such as" HC1 in a suitable solvent, leading to

formati on oflniastteinnedbetimedts3R* ib&5i@G ehatgydr 61-1sialA0CACs . diendP NNE-CR

anot ner oAy o B Atk AL G RBYEH AR SR Umiel BTH O ro,

R3 13nd Hatbgeh 8r @s-Cgefilpadyner ei n. Bis-sul fonanmi de 6.2 is obtained by
treatment of the aniline 6.1 with a sulfonyl chloride R4502CL in the

presence of la tsagein susbpdimentst R i i asychorgepylc stbylemropyduchutal isobutyl,
i chi or pgE¢Nangy, i or phyelscAlr, CORRURLES: 2nd:§ASEATR)LBRSH HISEN, BAShE

2-fluorophenyl, 3-fluorophenyl, 4-fluorophenyl, 2,5-difluorophenyl,

Q)

n

4-chloro-3-trifluoromethylphenyl,  1-methyl-1H-imidazol-4-yl,  furan-2-yl,  pyridin-2-yl,
20 pyridin-3-yl, thiophen-2-yl, -NHCH,CHj;, ~-NHCH,CH,CH3, -N(CH3)CH,CH3, -N(CH3),, or
pyrrolidine.
In certain embodiments, R* is cyclopropyl, propyl, butyl, isobutyl, —CH,CI,
—CHCF3;,  —CH,CH,CHyF,  —CH,CH,CFs5, cyclopropylmethyl, = —-NHCH,CH,CHj,
-N(CH3)CH,CH3, -N(CHs),, or pyrrolidine.
25 In certain embodiments, R* is cyclopropyl, propyl, butyl, isobutyl, —CH,CI,
—CH,CF3, -CH,CH,CH,F, -CH,CH,CF3, cyclopropylmethyl or -NHCH,CH,CHj.
‘In certain embodiments, R* is propyl, butyl, isobutyl, —CH,CH,CH,F,
—CH,CH,CF;3 or cyclopropylmethyl.
In certain embodiments, R*is Cs-Cs cycloalkyl or C;-Cg alkyl optionally substituted with
30  OH, halogen or C3-C4 cycloalkyl.
In certain embodiments, R* is C3-Cs cycloalkyl. In certain embodiments, R* isA Cs-Cy
cycloalkyl. In certain embodiments, R* is cyclopropyl or cyclobutyl. In certain embodiments, R*
is cyclopropyl.
In certain embodiments, R*is C1-Cg alkyl. In certain embodiments, R* s ethyl, propyl,

35  butyl or isobutyl. In certain embodiments, R* is propyl.
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20 conditions, such as aqueous NaOH, in the appropriate solvent system
such as THF and/or MeOH, to provide the nono-sul fonam de 6.3. This conpound
i n a sui twbl2etizbment, such as et hanol, is treat ed w t hpaTrisduoiomgsagent ,

suchh as iro d tlonal ea ri de oforman
am ?e 1.6. qn%ﬁtga?‘g %1 @ﬁ%‘ésn@ 798 glrlfé'y %%8\/\% mTDlr%g W\Ag%al&geﬂpr e ce|]”t"jur?g an
i nt er megitRdaneafts, ot mular;l ~ECH,N) SCHQ@;,ZQCHZQEQQHQPCT@H@@;%O%9652(51?3 or
transformation is acconplished by no-sul fonyl ati on of a di am no

der i vatiGfeCl,GFayjlp gerfpin Gmbéfﬁwen&?hRotSl'@{ﬂQ@ of n"CHaeHpfBsence of a base,
such as pyriyi Afainl é}ﬂ@d?in% Q”R‘C 1ssgés {L;l]lgl %§ﬁ?’hﬁ§ﬂ ﬂibg %rdo‘?m%‘er nbelgialg%e}l or

10Schene 8 descrl e of
For mJI aC58C2 cyslbak gl n leRIcertBB anbbdRherts eRAS d@éllopﬂ)qbyhﬂe‘th?yln( ahld-cR2lopspyl) or

hy Thi ns natlon |s acconpllshed by using,reduci ng condi |ons
§YWHW@{§@?{{@ b ofin aCHIN AAMRARIBEHRIEI Rt 1S | SyclepERyimghy

soI vent (-Clg nol . Scheme 9 Schene 9 describes the

synt heS| S o?y&?ctp Slrg"lﬁgr medi ate of Forrmula 9.2, wherein R2, R3 and R4 are as

defi ned her dhredaid eRibodsndnysj R3ge ;-CEhillsyl topamsa‘llgrmhstltumd mtle;dmnyrlpl Insteetdinby

using r 'on ,, such as hydrogen in the presence of a
pal | adleﬂ‘ﬂtg %ﬁl%t ﬁﬁflabl e solvent such as ethanol. Schene 10

25Schene 10 1§ h!é%naerﬂl%dmgntg OR* R SRAYI Gﬁuaﬂatwlshestﬁﬁt@é tvtltwe@\@ RAlb&dnN€;-C,
i nternedi ates 10.2. Reaction of fluofonitril . h the sodium salt of

H2NSO2 Mclpglémb roatladChylkyl eptiomnly alsstituet Wltashmgﬁnu rn tpﬁdamd@ylqumnants,ulk‘t &bl e

2011/ 0FBB b BUBD TGS BBk v AR S umep B B o PR ggtionaly

f or mat lsQBstﬁlfltedl i@ Opd alk§l dtiodally substituted with halogen. In certain embodiments, R* is
phenyl optionally substituted with halogen and C;-C4 alkyl optionally substituted with halogen.
In certain embodiments, R* is phenyl. In certain embodiments, R* is phenyl, 2-fluorophenyl,

- 20 . 3-fluorophenyl, 4-fluorophenyl, 2,5-difluorophenyl or 4-chloro-3-trifluoromethylphenyl.

In certain embodiments, R* is a 5-6 membered heteroaryl optionally substituted with OR”,
halogen, C;-C4 cycloalkyl or C;-C4 alkyl optionally substituted with halogen. In certain
embodiments, R*is a 5-6 membered heteroaryl optionally substituted with C;-C4 alkyl. In certain
embodiments, R* is a 5-6 membered heteroaryl, wherein the heteroaryl contains one or two

25  heteroatoms selected from the group consisting of oxygen, nitrogen and sulfur. In certain
embodiments, R* is a 5-6 membered heteroaryl, wherein the heteroaryl is imidazolyl, furanyl,
pyridinyl or thiophenyl. In certain embodiments, R* is 1-methyl-1H-imidazol-4-yl, furan-2-yl,
pyridin-2-yl, pyridin-3-yl or thiophen-2-yl.

In certain embodiments, R* is NR®*R®. In certain embodiments, R® and R’ are

30  independently selected from hydrogen and C;-Cg alkyl. In certain embodiments, R? is hydrogen.
In certain embodiments, R® is C;-Cg alkyl. In certain embodiments, R® is ethyl or propyl. In
certain embodiments, R* is selected from the group consisting of -NHCH,CH3, -NHCH,CH,CH3,
-N(CH3)CH,CH3; and -N(CHj3),.

In certain embodiments, R® and R’ together with the nitrogen to which they are attached

35  form a 4 to 6 membered heterocyclic ring. In certain embodiments, R® and R’ together with the
nitrogen to which they are attached form a 4 to 6 membered heterocyclic ring, wherein the
heterocyclic ring contains one nitrogen heteroatom. In certain embodiments, R* is pyrrolidine. In
certain embodiments, R* is pyrrolidin-1-yl.

In certain embodiments, R* is selected from propyl, cyclopropylmethyl, -CH,CH,CH,F
18



11.2 Schene 11 Schene 11 shows a general nethod for preparing sulfam des
of Formula 11.2, wherein RI, 10 R2, R3, R6, and R7 are defined herein. A
sul f onamwe 20lmsU4R is alkyl) is treated with a sul fampgir/ushéioniedssi n a
sol yent,,§ s BVE | 54 0 ul ] b
addlgti on 2 base ‘an vevgtté 2?0 %gglg%&’ag g%glgfélr#ﬁ%?% e Cg’aﬁ?)rgﬁylﬁg%’k%ghene
12 Sch€ieCPeEHsK.i best hesynt hesi sof anal kyl est er of

4- am no- 3-car ba .'sothiazol e-5-carboxylic acid, 2-Cyangacetamide 12.1 is
treated wt K588 %ﬂﬁ“ﬁ%q Hoamulad ripedscomgoaniyold i SR ch - as
water to afford (E)s2-am no-N-hydroxy-2-gxoaceti m doyl cyanidg 12. 2.

Reaction of 12.2 ,with tosyl chloride gn 20 a suitable solpent, such as
pyri di ne ginvesol anmono- 2- gReN N- ( os y)@cet i ooyl _Ocye 2.3,
SEXE8U

whi ch i d\t J Eesence) ahS-as myr o and~g-Spl vent

such asgethamol ,Htr atfgd Wi t ksam al kyH 2reHcApt ogtetiatle 12. 4x{ RHIG al kyl )
to give an ¥ | 4-fnino-3 -car hanoWl i sot hi azol e-5-cgr boxyl ate 12.5. WO

2011/ 025940 | | R6NH2 + 0 13.1 Bchene 13 Schdlre 13 describes the

formati on of a gubstituted thiopheng;13.2 through reactionvof the
acrylam de derivatiye 13.1 with an alkyl 2-mercaptoacetate 12.4 (Ris
alkyl) in the preseénce of an inorganig¢ se such as potassi unfRtarbonate and

a suitablg,sol y & choas et hanpl af? ated 10tenp r atgR'es ochenme 14
Scheme M dgschib hedsynt Hési & 0 'i used ,pyr ;\ZEQPLM efe X and
nberppd g i

Y are 3§ filned her eithg Rfhe 5 etleddtycl N rEacegiRhi th
et hyl tho Srmate ' n acetic 15 ; Mhydri d& to fornffhenféised p§tinidone
ester 14. R which is subsequent®y hydrolyzed to the free acid 14.3 by
heating in aquegus acid or base. Vi Vil
R3 R3 3
1 R 1
ST 8 T YL 8. SO
\ Sea N N NTRRE O\ Sera
R5>\N)>:KLN R? A A L RSLN)EL)LN R? iCh
R R RS R? Y
10 Vil IX X
R3 R3 R3
1 R? R
/=N R (0] /=N O o /=N Q (')'
‘N\,/U\ S N>\\ )w)j\ S 4 N\ Y/ N N’ﬁ\R“
\ N R4 B ok
N N 1" R N N 1R |
R5>\g\/l H R HO RS NFN R2 H O RS s-N H R2 H O
R® RS
X| X Xl
R3
R1
N/QN O (I?
v N N N TR
R5 \ I H RZ HO
N"Np7
XXIV

An embodiment of Formula I provides compounds of Formula XXV:
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CON H2 formam di neCONH2COOH H2N, jacetatehydrolysisN T \\, Yl Ilx ROOC
Xformamde HNI.r..HN y----x 00 15.115.214.3 Schene 15 20Schene 15 outlines
anot her mwohod/Rew40t he preparation of internedi ate 14. 3Paimarseosoayds Y are
as defined herein. Ester am,de 15.1 can be cyclized to the fused pyrim done
15.2 by heating with formantde, alternatively, with a m xture of

f or mam di ne ac;tkate agd21 qm d%. Am de 15.2 is hydrolyzed to the

cor respondi ngy aci'd 143 bl hédatinig i n aqueous acid or base. WO

2011/ 025940PCY _Ug2Q107/ 946985 Sqetiene 18 Schene 18 descri bes anot her
general nethat TR syntiesizingt ionternedi ates 17.2 containing a

chl or opyri m di ne oY ety thdt is fused to a 5-nenbered het erocyclic system
wherein Ris CLRCE3 al kyl. The amino ester derivative 18.1 is reacted with
formam di ne acetate in a suitable solvent, such as _ethanol, at elevated

t enper at ur edn tcertdio embbhiengnyy ofiF aomén Hat'i andtR e F8R2 is Hy@lrdgematnderitis prdgyl,

brom ne i.n.a suitable | vent, such acet i cjd, at elevated
t enper zi’t‘ﬁ}%‘gﬂgf’\?%@p?wss%ﬂﬁ eisﬂ’t“étPWégisFQf‘@ulfé%é.%'%gf bonyl ati on reaction
under pressure using _carbon nonoxide, a suitable pall ad catal yst, such
as [1,1 '-bis(@drfhen Iphi n& f er r ocene] di chiembpal H) , Qa base,

' N AR AT uch as ne g\/\
t enper at ur esg i §hesHt he. esfi&@ derivative s icHislfurkober
transformed wthSa i nati ng agent such as P e 15i hternediate 17. 2.
Schene 19 Schene 19 describes a general nethodrfor synthesi zing
internediates 19.5 co%\gi ning a 20 chlorotriazine noiety that is fused to a
5-menbered heterocycli'C system wherein Ris as defiddd in Schenme 418. The
N-linked urea derivative 19.1 (Chu etal., J Het Chem (1980), 17(7), p.
1435) is reacted with triethylorthoformate in a suitable solvent, such as
et hfinol , at Ielcextaineembedipentat aff Bernwda floRth arhleRE rdra A, ivhés Hedrogat and RE9is2.
Tr eat m[i%urvvl th N-iodosuccinimde in a suitable solvent, such as acetone,
gi ves

\ PSRt er medi ate 19.3. Carbonylation reaction under pressure
using 25 canhesdipearbdlfent of Bbindllh § a5 CAgidIRA icat R} bé%&dro%@ﬁ&xcﬁﬁ“ is propyl,
[1, 1' - bi s(di phenyl phosphi no)ferrocene]di chl oropal [ adi un{ 1), a base, such
as t ri st¢hythaintheepmpourgls bavwihe ssucthread FoenhlanXIVI-XVIE| evat ed t enper at ur es
furni shes the ester dgyivative 19.4, which is further@élransforrred with a

chl orinati ng agent, @ucPO(C&S to intermed atq 19. 0

48951 & N I
2011/ 025940PCY/ U320 r\(l) N,§\2/CL\120. 2 \ \ N’§\/\
RS | H HO 5 I H HO
S F R N F
R? / R’
RG
Xvi Xvii
15 In certain embodiments of Formula I, R' is Cl and R? is F, R® is hydrogen and RY is

3-fluroropropyl.
In certain embodiments of Formula I, R is F and R? is Cl, R? is hydrogen and R* is propyl,
such that the compounds have the structure of Formula XVHI-XIX:

F F
\ N N TN \ "N N/‘,Q-,’\/\
5 | H HO I H H O
R S Cl R® W cl
/ R7
R6

R7
XVIIr XIX
20 In certain embodiments of Formula I, R! is F and R? is ClI, R? is hydrogen and R* is

3-fluroropropyl.

In certain embodiments, R” is hydrogen.
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20.320.4 Schene 20 Scheme 20 descri bes a general nethod for
synthesizing pyri-olo [1,2-f] [1,2,4]triazines 20.4.
4- Chl or opyorolia23948-f ][ 1, 2, 4] triazine 20.1 is reacted WPCH/US2010/046955

N- brzonbsuccii.ni ' - SU] l.e~s@l vent ,.such hl or.of.or gi ve the
br oM interrr@cf?ggg e&@;_o?@%'}% eé%?b_n% yE’hIél Ogl%deﬁ@%ﬁ! ?ng’nlgilgénn@alfy?'ty with

2, 4- di met hoxinbenaid etabedindatsf B ik £hes; skl dptivnalle cubditited eynedednat B one
derivative 20.3. Subseqguent treatnent of 20.3 with a strong base, such as
but yI | iorhodenen B sunethy) ehwloChent CHSuch as THF, and carbon di oxi de (gas)

gi ves inter Rdieah® GibctimBlits 0RS {saqi{waﬁovﬁgr_éin S hylroreleM8 B1is hydrogen,
Schenme 21 describes a general nethod for synthesizi‘ng

i m daz dCh-C-dlk{INR "Bl (Caci nkyDOR3, (Ghe); eikyBR’Y GisCalkyln €8-GoraliGoiyk -Gl 8.
4- ((Met hyl t hi o)1 nm.da , A-f 1.2, 4)triazine 21.1 (Dudfield et al., J.
cndih - ot alits FRaieCa (el L5020 f penac e Ay -6 meiberea
N- br onogugsdyRiyn dle(c K i of! he
b o Rt o a2 S o e L B U BL oKl
car bon ayoleelkiytidieteroayalyl, distezogrgl drdihanylca¢ aptysially sulsshited by halogen, oxo, OR™,

1,1 -hj iiph 0 i no) f err.ocenel.di.ghl ar.opal | .adi I .a base, such
e 1o R R R P et e e e P S p R s s D e
furni shésiSLNe{zgsNHCH;%i_Nﬂ@'Hz@}gL 3. WO 2011/ 025940PCT/ US2010/ 046955 5

COOH chlorination Iy HN O 14.3 Cog HNX 22.1 Schenme 22 Scheng 22
dedéri bes t Ha cprteipgmbofdisnents, RanoNReR i,M etshsdieges, ansi R éh(GrCoadkdNR “Rhi ch

w th PG HRROR G RO bBRE s gy EPeramly ™ g vt ARIYF RIS | de
neat orallkyl)G-Gaityicidalle] s@M&nlkashenAs (ALCS hlkonbanhsmbé¥etRhemidcyclyl or (Co-Cs
alkyl)5-6-membered heteroaryl, wherein said alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl,
heteroaryl and phenyl are optionally substituted by halogen, oxo, OR*', NR"*R" or C;-C; alkyl.
20 In certain embodiments, R’ is NR'’R!!, and R'” and R"! are hydrogen.

In certain embodiments, R’ is NR'°R!, and R'® is hydrogen and R!! is C;-C; alkyl,
optionally substituted by halogen. In one embodiment, R'' is methyl, ethyl, n-propyl or isopropyl.
In one embodiment, R'! is methyl. In one embodiment, R is methyl, ethyl, 2-fluoroethyl,
2,2-difluoroethyl, 2,2,2-trifluoroethyl, n-propyl, isopropyl, 2,2-dimethylpropyl, butyl, sec-butyl,

25  t-butyl, pentyl or pent-2-yl. In one embodiment, R' is methyl, ethyl, 2-fluoroethyl,
2,2-difluoroethyl, 2,2,2-trifluoroethyl, n-propyl, isopropyl, 2,2-dimethylpropyl, butyl, isb-butyl,
sec-butyl, t-butyl, pentyl or pent-2-yl.

In certain embodiments, R> is NR''R!!, and R is hydrogen and RY is Ci-C3 alkyl,
optionally substituted by halogen or OR?!. In one embodiment, R" is 2-hydroxyethyl or

30  2-methoxyethyl.

In certain embodiments, R® is NRIOR“, and R is hydrogen and R'!is C3-Cq cycloalkyl,
optionally substituted by halogen. In one embodiment, R'!' is cyclopropyl, cyclobutyl,
3,3-difluorocyclobut-1-yl, cyclopentyl, cyclohexyl or 4,4-difluorocyclohex-1-yl.

In certain embodiments, R’ is NR'°R!!, and R is hydrogen and R"! is (C¢-C; alkyl)CN.

35  In one embodiment, R is ~NH(CN).

In certain embodiments, R’ is NR'*R", R'? is hydrogen, and R"! is (C,-C; alkyl)OR. In
certain embodiments, R’ is NR'®R'!, R is hydrogen, and R'' is OH, OCHj;, CH>CH,OH,
CH,CH,OCH;. In one embodiment, R® is -NH(OH) or -NH(OCHj3). In one embodiment, R’ is

—NH(OH), -NHCH,CH,OH, -NHCH,CH,OCHj3 or ~-NH(OCH3).
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17.2 Schene 23a Schene 23a describes the synthesis of an internediate 23.1,
wherein X, Y, RL, and R 1 are 15 as defined herein and Ris as defined in
Schene 18v0Chiionswati on of internediate 14. 2 by treat me RCTMISRO100oeh Y |

hl d | | de 1 l
andror a badh T eibbaiftnft KOG R'H TR b it T O RETRY o
With arandtmnnﬁld-lbﬁaﬂdlﬁiﬂlogeﬁ or @ 10323kl In cerﬂaﬂn &ng&ﬁﬁleﬁts%hi%m{ml\@llgﬁe 23b

descri bes an al ternative nethod. of Séﬂ)t lple5| zi ng. an internedi at e

Pyridone 14Ip ¢estajns epbadineantssi Kh iarNBRmRne #RRRI 15 \ltygrqg@upmdn@\ wult r(Ca -Cs

sui t abl,g. R2! NRISRY
1H benzoty%|3 g{ém%%yl ox?/ér{)arr?fj[?@m%ltl% Slllbsumt (B]%halo onicam %exaN uor opﬁoépcf'?at e
( " BOP" Jalkyl. J6 Iderthinnaobodimemns; R— yid NQ)PR ,Sémle“bisl ki dogapharipROnisupyrazolyl or

fl uor.oph hate " BQD" form 23.
ﬁ/ o%ﬁ@ x ﬁ A -Er- Cbas"ékﬁl \ \h@ certpi eabpgisness, 1 R4, 2is

Scherre 12thethylpyr az014§{:511e‘?5§ %QSCI’I bes a general nethod of derivatizing the
am no group o the ¢hlo opyr| di ne derlvative 24.1 with a base, such as

sodi um hydr ildeserfaim ambuilingots Roliy ¥R °REUcnd18'%ss DiyBrogen dndr R g (et at e
25. 125, a y?)3 ~6-membered heterocyclyl optionally substituted by halogen, oxo, OR?!, NR'®R' or C;-C;3
alkyl. In certain embodiments, R’ is NR''R", and R'? is hydrogen and R'! is azetidinyl, oxetanyl,
15  tetrahydrofuranyl, tetrahydropyranyl, piperidinyl, piperazinyl or morpholinyl, optionally
substituted by optionally substituted by C;-C; alkyl. In certain embodiments, R is
N-methylazetidin-3-yl, tetrahydrofuranyl, tetrahydropyranyl, piperidinyl, piperazinyl or
morpholinyl.
In certain embodiments, R® is hydrogen or C,-Cg alkyl, optionally substituted by halogen.
20  In certain embodiments, R® is hydrogen or methyl. In certain embodiments, R® is methyl.
In certain embodiments, R’ is hydrogen or C;-Cg alkyl, optionally substituted by halogen.

In certain embodiments, R is hydrogen or methyl. In certain embodiments, R” is methyl.

Another embodiment includes compounds of Formulas XX-XXIII:

XXl

25 and stereoisomers, tautomers and pharmaceutically acceptable salts thereof, wherein R',
R% R® RY, R’, X and Y are as defined herein.

Another embodiment includes compounds of Formula I, stereoisomers, tautomers and
pharmaceutically acceptable salts thereof, wherein W and Z are C, R is Cl, R? is hydrogen and R*
is 3-fluoropropyl.

30 Another embodiment includes compounds of Formula I, stereoisomers, tautomers and
pharmaceutically acceptable salts thereof, wherein W and Z are C, Y is CR7, R! is Cl, R? is
hydrogen, R* is 3-fluoropropyl and R’ is hydrogen.
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25.4 25.5 Scheme 25 Schenme 25 describes the synthesis of conpound
25.5, wherein Rl, R2, R3, R4, Rio, R W X, Y, and Z are as defi ned herein.
An ester wOH2hovorsd4a 25.1, wherein R W X, Y, and Z ar eras/ukdidefidisned

herein is h e ' ' ve. 25, 2
usi ﬁg basi cxgﬁﬁg%%%%&%%@@%&{gﬁg%n [ tu?gsn(gﬁhggﬁé{é%ﬁleﬁg #] gorgglﬁva\é?%lg%ﬁ%%éi ts
aci d clthoal ctater andathiewdfo25ex3st . diffebant tsteeadisonmdrionfdrins Oxal iy linehdat tide alind
catalytic DVF in sol v?% such as THF, and further reacted with anjline
der i vatteRRIsPIerIc | ATRIS GemPorads @fcibramypEions Bekilinéd el A tor m

the coOWR]sidAhnrQdbizhtidmefd- arfd® QRQME&ngr?, 4s %%“Hﬁlﬁl rﬁé%%lréét Bdreo®  sulth tROMEemic

i solation, further reacted with an amne to gl ve conpounds of
For mul ani28rés, fortgatt diith©prekent irfventiotORe0OMe X=Y Schene 26 Schene 26

sh a gener al rocedure for obtaining co und 26..6, wherein RL, R2,. R3
ma 10w 5y 18 fie SRR php PR OgreL PIeTE (R siegrocagmiptey O afy, Buiewar g atom is
di et hexy beREWd: Mt AF gtgfto?smﬁaﬁb%ei dntiniaté® add VhAu&QUA! thBLoWpolinds Stiteabl e

phosphoni um salt such o i . ) .
101H- bémeotipn.a Moherq siereprbhemnisirs (¢l spasifiedl ki volid medghondashed line representing a

hexaf | ugr.o te (" BOP" r . . .

1H beng) g’tﬂrclﬁgg(%)&r}%ufﬁt%}?yﬂ%i}(agfltiﬁfeé’fsf’meﬁbs)sigﬁggcdﬁ%q‘u?wfiﬁé’%ﬁ | uor ophosphat e
("PyB OP") . IAWIEdISabé ¥raciate @ tHAPLGHpRAdE o £ BomBadI KRAT @eludé eauktdthed®ethat e
chloride 25.1, prepared from26.1 wth a chlorinating reagent such as

t hitdny Tastomsrs #e comperedythat as igisenyetiblady trytamerigaion. ofhiesemmoply, geuisder
aqueou i r Ci : g
SAUSOUBDIE AR IR ETSHAN b AR ADLAECHO kLD
2- ( 1H Andadybemr dbublal@id: For jnblanedl | H-Byriblo(2,3-b)pyridine is one of the tautomeric forms
-tetranﬁbb¥lﬁ%8 I umhexaf | uor ophosphate WD 2011/ 025940PCT/ US2010/ 046955 5

met han& T‘f&‘“‘?tb?rot-aB@%frﬁoéfEd?fez'R%W‘fQ?? N THyratptt Ay RyraHng mOther
hexaf | yaraRBQePPamtulbs FRRY )ng? 'a}s6 %o%ﬂﬁh%%o%i‘ﬁ%héﬂ%cl%ﬁp%;bu?‘h&ﬂ%rﬂﬁéd ¥eing:

conpound 26.5 can be prepared via I nternedi'ate aci ride 2 , prepared
f r 3th 26ulfonasiidey oa RMR 6 posidbn nigperekgent theishbstisutioni ofiyd cainpowriddeofoformulas

ones PRVl ALl e NS Sibasalent couel ing wthaniine 16
exanpl e wi t iy 41 hish bk UppRAGRII Maf&r@inOsiRSounaE bEXormiIgY - 888V coPRunda &f
Fornmul a 26. 6. Schene” 27 Schene 27 describes another alternative route
t o ani detereadiaes fov Bsthesc@npands ef RirmuRes I-REV. 15R4, Rw, - 11,
It will be further appreciated that the compounds of the present invention may exist in
25  unsolvated, as well as solvated forms with pharmaceutically acceptable solvents, such as water,
ethanol, and the like, and it is intended that the invention embrace both solvated and unsolvated
forms.
The term "prodrug" as used in this application refers to a precursor or derivative form of a
compound of the invention that is less active or inactive compared to the parent compound or drug
30  andis capable of being metabolized in vivo into the more active parent form. See, e.g., Wilman,
"Prodrugs in Cancer Chemotherapy" Biochemical Society Transactions, 14, pp. 375-382, 615th
Meeting Belfast (1986) and Stella et al., "Prodrugs: A Chemical Approach to Targeted Drug
Delivery," Directed Drug Delivery, Borchardt et al., (ed.), pp. 247-267, Humana Press (1985).
The prodrugs of this invention include, but are not limited to, N-methyl prodrugs (including
35  N-methyl sulphonamide prodrugs), phosphate-containing prodrugs, thiophosphate-containing
prodrugs, sulfate-containing prodrugs, peptide-containing prodrugs, D-amino acid-modified
prodrugs, glycosylated prodrugs, B-lactam-containing prodrugs, optionally substituted
phenoxyacetamide-containing prodrugs, optionally substituted phenylacetamide-containing

prodrugs, 5-fluorocytosine and other 5-fluorouridine prodrugs which can be converted into the
23



KW X Y, and Z are defined herein. Reaction of acid chlorides 27.1, with
conpounds of Formula 22.1, with aniline 1.6 can be acconplished in a
sui t abl e wolamkesd4guch as chlorof orm at anbi ent or el evaras2aienp@sat ur e,
W th or,.w t e, such as triethylamne or pyridine. The
pyr?nié%%%5?ﬁ¥g?ﬁg%?g$§gggg§ Is reacted with POC13 and triazole in pyridine
to afford tFredrogeofctdnsiundy oBFomhilshl-KXV bayimobatagdctive gsathe icethpoundsrofone
pot to_the am derivative 25.5 by. 20treatnment with excess am ne
NHRLOI ( Onnﬁlfg}-ﬁ&‘ﬁén Bieiagiarap dewaibed SnExamplg e Hewevess the prodyugsarra eanshle 9fn
anot heme gl ¥aMredUf BivdSntl BERAEH R mbEBRHEPH ¥ mpourdd G T hiEBorg 8
describgs%éhother gehergﬁ nethoé #gﬂﬁg@ggﬁe5|?gﬁ8 conpo%ﬁ%gmgggg, 0'erein
R2 SYBSTHESIS OF COMPOUNDS KR, W X Yand Z are as defi ned herein.

R1

Am.dation of,an ester.internedi ate of 1Q Fornul.a .1, with aniline 1.6,
usilﬁg St Ana&PHRRRTY %fbthameas@tilawneaﬂmx anihiice g& SYREUgFPES gt insbidey e
28. 1. Th&REEE Hnaliehll 8 1Rtk NRelNKIRWiRith tﬁ@-cﬁem%ﬂ%%baﬂti@ulﬂrl? Yt ﬁéllt?of the

sol vent, such as di oxane or isopropanol, _at el evated tenperatures forns
i nt er nelgscapgon gontained theemial [Thesstarting aditerials atcagopstally sayeihabde from commercial

trisdi benzyl i dene . acet . bi | 1 adi | | gan S an and a
pase,  StirenBaS T NGRSl toul MU} e i Bvashite FIALT o8] B BRla
faci li tGR)eot &€ rddlilly ik Whtd MBthbALWeR Bndwh @ BselskifRttDimans!8fl(e.g., prepared
deprotection, using trifluoroacetic acid (if R® = Ow), or Pd/C and

hyd? og®h Bethadsrepnaialy desesibed (n fLogis E. Hjesergpnd Marsrijeser.cBagaentsdtor dPregnicmul a

25. 5. S 9 I t her . . t f .

synt h eéﬁg@%@ c\é ?fp203 a g&?@%&s \ﬂ\fﬁi’ glrgle6 ???)Ipiﬁ ?81:@?50 Iﬂgi%?%ile?l% ?E?WYJ(? {el@céerlll 369 are
as def iwebsitd)eorcBeilstoms Hatidboath dér @paischen Gheing, rie divdlt ed. Bprib@elFVeiad, Bezldh, 1,
wth aniline 1.6, using standard Wei nreb am dation conditions, affords the
i de- e HdiBg Fipplepmenss i anaablesyip desea) Bl AN Usi ng

trifluoroaceti ' ' 1S | mat e
(1 R mOpy 8 plerfihe cbinpoffds or o) pidter Hhienff, MYGEAGPD! Al QUTRALIAIRS
NHE) oRi(¢.g., AfimaryNOr ddcolarR mbDepyradt. pof intermXdiate¥ may be necessary. The need for such

protection will vary depending on the nature of the remote functionality and the conditions of the
preparation methods. Suitable amino-protecting groups (NH-Pg) include acetyl, trifluoroacetyl,
t-butyloxycarbonyl (“Boc”), benzyloxycarbonyl (“CBz”), p-methoxybenzyl (“PMB”) and
9-fluorenylmethyleneoxycarbonyl (“Fmoc”). The need for such protection is readily determined
25 by one skilled in the art. For a general description of protecting groups and their use, see T. W.
Greene, et al. Greene’s Protective Groups in Organic Synthesis. New York: Wiley Interscience,

2006.

For illustrative purposes, Schemes 1-33 show general methods for preparing the

compounds of the present invention, as well as key intermediates. For a more detailed description

30  of the individual reaction steps, see the Examples section below. Those skilled in the art will
appreciate that other synthetic routes may be used to synthesize the inventive compounds.
Although specific starting materials and reagents are depicted in the Schemes and discussed
below, other starting materials and reagents can be easily substituted to provide a variety of
derivatives and/or reaction conditions. In addition, many of the compounds prepared by the

35  methods described below can be further modified in light of this disclosure using conventional

chemistry well known to those skilled in the art.
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R11 Schene 30 Schene 30 describes another general nethod for synthesizing
conpounds 25.5, wherein 40 WD 2011/025940PCT/ US2010/ 046955 5RI, R2, R3,

R4, el, Ru0®20uw2590Y and Z are as defined herein. Am darCcorused1o@sdoss
intermediates 30.1 with aniline 1.6, using standard Weinreb agidation

condi tions,, afiffords the am de derlvatl e 30. 2. Treatnent W|t an am ne

NHR1R11 (5 : ymoni a) in a suitablR ent, such as di dXapexor

i sopropggol , el evaetse:attiﬂcmdjvfperOQI/E ) subs*amumt &ﬁgr ot j¢ on, using
trifiuoroaetlc akod (G FR—= ? ‘ i/ ®ignd—hydrog 0 i mgnforrrate
(if R" = Hp, @?ves target conpoundsg of R40Fornul a 25.5.

R

C ---=-NOOHydmnagenati onC-z---N N%.,iiNp" \\,L,,S A N i0 R43---W 7-1/V:
31.131. 2 Schene 31 ScheHER§1 shows a general met hod forrsynt hesi zi ng

R2, R3, 15 R4, W X Y apd Zlare as defined
an“be acconpllshed by subj ngQchl oro
~BgpRYLs OF gwvdrelybinxy bety | 2 Sngard
f or sewanpl e Using hydfogen land! Pd/{Cocat al yst in a
Btdraiol . WO 2011/ 025940PCF? usB010/ 046955 Al Me3,

her ei n. Qt sst r4ansf or mat |
i nt er medi .1 (M&O'

sui tabl e sol vent such a

A RIRL 7----- =NOO C—Z--a.zl\n N 1.5
R3
R1
1) DPPA, EfsN (I?
_—— S
. H,N “1 R4
2) hydrolysis 2 R? ” 6 R
5 1.6
Scheme 1

Scheme 1 shows a general method for preparing a compound 1.6, wherein R, R?, R? and

R* are as defined herein. A benzoic acid 1.1 is esterified to a methyl benzoate 1.2 by treatment

with trimethylsilyl diazomethane in MeOH, or via Fischer esterification conditions, such as

10  treatment with trimethylsilyl chloride (“TMSCI”) in MeOH. Reduction of nitro intermediate 1.2
to its amino analog 1.3 is performed using a standard condition, such as treatment with Pd/C and

H,. Bis-sulfonamide 1.4 is obtained by treatment of the aniline 1.3 with a sulfonyl chloride
R*SO,Cl in the presence of a base, such as NEt;, in an organic solvent, such as dichloromethane
(“DCM”). Hydrolysis of compound 1.4 is accomplished under basic conditions, such as aqueous

15 NaOH, in the appropriate solvent system such as THF and/or MeOH, to provide a carboxylic acid
1.5. This compound in a suitable solvent, such as THF, is treated with diphenylphosphonic azide
(“DPPA”) and a base, such as triethylamine (Curtius rearrangement conditions), and subsequently

hydrolyzed to form an amine 1.6.

R3 |O| R3 R3
S. 1 1
1 -~ 4 R R
R Cl o R Q. e hydrolysis ) R
HO " HO N/Qb HO N/Qé
2 |
O R O RSy o r "
0”30
20 1a.1 1a.2 15
Scheme 1la
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Z1l, FR+ Cl'x---yRR5 32.1 Deprotection 532.2 Schenme 32 Schenme 32
descri bes a nethod for synthesizing conpounds of Formula 32.2 wherein RI,
R2, R3, R0 2R'1/025940 W X, Y and Z are as def ipoedish@nmueysand R5'

is Lower al Am dation of an ester intermediate of -Fornula 25.1, w.t

i P 16 e Phol i hfBar th VRITRAS aeURET S BhESPIERS. oh GoRmBMe e
ani de dghingBérizvR adfd Ih. ;BN treSORANAGEI Byl CRIORUE R*SE,( iRthe RYRERBWEL bhW, §RhRS'

= Me). Conpound 28.1 can be further transfornmed as outlined in Schene 28 or

can beap infheganis selyaposnstigs dichiwemethanssPDEM W Hydralysisof eomeround kg-2)

t hr ough | onetallic r s
B e A L e
bor oxi Bach 4¢ THEF hyd/obBleO¥, Be proviichiii¢ hohoruoaiide 16t hyl boroni c acid,

pot assi um 15 trifluoronethylborate, or tetranethyltin, in the presence of
a dlitable pal | adi um cat al yst, such as '

[1,1' - bi s(di phenyl phosphi no) ferrocene] di chl oropal | adi un(l49, and a base,

such as cesi uffs carbonate. 32.1 be deprotected using tiifluoroacetic
acid (if R ) Ofadid/ C and? ogen Ofedadidoni um f or (if R"m = H, to
formc u f Formila 32.2. 2011/025940PCT/Md8 R955
33.233.3 583. ¥88. 5 Scherg No,Scherme 33 describeslt he gener al

oravuk

synthesis 9f Fnternedi ates of A 33.5. 2-Chloro-1;3-diRftrobenzene
(33.1), Cu!, ,B(t-Bu)3, and ethynyl triisopropylsilane and w8 Pd catal yst,
such as PdC12(MeCN)2, in a suita ?e sovent mixture, such ass
acetonitrile/triethylamnert5:1), are 1 ed to formthe

triisopropyl ¥ ane derigatilye 33.2. Reducti for exanp ing SnCl2 in
di chl or orretcﬂL%Qe | DVF &{;L 1) 1 f oflds t he tever eSpoRdi ngviati §3§%4 React i on
w t h n- chloroSuccini Q

KCS £ ien a—suitabtesotvent, lsudh aso THF, gived
the chlorinated product g33.4, H/\Hi ch is further transforfed i@t f onam de
33.5 through reaction with aRul fonylchl ori de R4S02C1. 15 25 -

24 '
R3 R3
1 1
) 9 1) Curtius ) 9
aqueous base HO N/ﬁ\R“ rearrangement H,N N'§\R4
- 0 o]
O O o)
2.6 R" 27 R"
Scheme 2

Scheme 2 describes the synthesis of aniline intermediates 2.7, wherein Rl, RT, R? and R*

and R" are as defined herein. A benzoic acid ester 2.1 is treated with an alkoxide NaOR? (wherein

15 R*isCI1-C3 alkyl) in an appropriate solvent, such as methanol, to form the ether intermediate 2.2.
Reduction of the nitro group affords an aniline 2.3, which is reacted with a sulfonyl chloride
R*SO,Cl in the presence of base, such as pyridine, to give a sulfonamide intermediate 2.4.
Benzylation with an optionally substituted benzy! halide, for example p-methoxybenzyl chloride,
(wherein L is a leaving group such as chloro, bromo, iodo, triflate, tosylate; and R" is hydrogen,

20 Cy-Gs alkyl or C;-Cg alkoxy; and in one example, R" is hydrogen, in another example, R" is OMe)
in the presence of a base, such as sodium hydride, yields the protected sulfonamide ester 2.5,
which is hydrolyzed with aqueous base, such as NaOH, to form the acid 2.6. In the last step,
application of Curtius rearrangement conditions and subsequent hydrolysis gives the amino

intermediate 2.7.
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34.134.2 Schene 34 Schenme 34 describes the general synthesis of
conpounds of Formula 34.2, R2 is ethynyl. Trisopropylsilane-protected

al kyne 34vo20s/ksmated with a fluoride reagent, such asPRO/US2010/046955

t et rabut yl ammoni um fl uori de (" TBAF" ) in a sui tabl e sogyent, such as THF, to

af ford deprotectedr¥roducts of Fp 4. 2. 4 Scheme 35 Scheme
35 descri bes aRen ral met hod ofng produgt 4, ocarrying a
di f1 uoronet hyl B asOR5. Conpegads™>~of "Bor nul a 28, e Kgeacted at

el evat ed terrp gs 189 wtionally in a mgcrowaeNTegct df 5\/\R"[h

4,4,5 5-tetr hy 2var{§ll 1, 3, 2-di oxaborol ane in the?prlesence of a Pd
catal yst, such as Bis(triphenyl phosphi ne) pal | adi um (11) chle, and a
base, such as sodilém carbonate, in a suitable solvent,_ such~a&>ge
acebonitrile, to afford vinylated conpounds of For nul a3§5 1. Treatnment with
ozone under standard ozonol ysis condj, gbﬁgg yi el ds al dehyde derivatives of .

Formula 35.2 which are further trea h a deoxof |l uorinating reagent,
such as 15 tﬁich(rﬁe Brelndm(wbbgdu)@fur gesmhtingrthe amhhmmlemhedlat’e[}ehwdlel?dlm&“ ’a)1d hr

dlethyla rotri r » ("PAST" ), w | for. ex
ot - 20 uetfied it Hebéihy 2 BRI ehe R SR bire g s Pia s a%ewtffam
the 4- @Blf&ib)ﬁﬁb@ﬁ%ietﬂé%ﬁlmef 106 ?Pﬁ@'fiﬁhﬁm\fﬁéd&n%aﬂ)é %Qn%ﬁ'slﬂz Sblg'ft afenl BAth an
affords products of” Fornul a .4, 20 WD 2011/ 025940PCT/ US2010/ 046955 5

VE FPODSpimatizrabstitnie benzyl halllde Gmy phecthoyanzg ebloside parslepbasas wich essedion

pr oducthg Ifﬁ&om one another and/or fromstarting nmaterials. The desired

pr oduct each step or series of steps is separated and/or purified
(hereinafter separated) to the desired degree of honobgeneity by the

techni ques common in the art. Typically such segar ations involve nmultiphase
extraction, crystallization f Om a sol vent or ent 10 m xture,

distillatjioR subl ti r omat ogr aph§> R ogr aphy..c i%hvaol ve
any nunbé& rret)hjo\@z\(gcl :gl‘@i for NPl e: :

el SaHhhiAse orol
pﬂase tS|z 5 CWB exchaffg : , medi unﬁ*andl—lﬂtaw—plre _ 2Iitqgid
chr omat ogr aghy S an &;@jza usl/% anal ytica ate
novi ng bed (NHSI\/Bf and pr eparat/i ve tbi 00F tm ayer chromat (?Jngngphy as
wel | as teghniques of small sgale thin layer agyg flash chromat ogrgaphy. One
skilled in the art will 15apply techniques nost |ikely to achieve the
desired separation. Di ast er eofehémedi xt ures can be separated into
thektr indivi . h hgm cals3
ai 17 er ences putnef HOSHBEIRTSaR drf il Surrafhiia T Shin RIRTARR,

chr orraramgdﬂmla& hewet ord R nsea:lkylcsneli aciyhiyRlethiyt at benzyl. Erlwmlﬁmrcmpqﬁrantaﬁﬂme
separ at ed converti ng the enantioneric m xture into dl ast ereoneri Cc

m xt ur &1y P?%%Céﬁtd RBrreagting Wit hexane3ordipre i5kq Rrgsange ofn %&% Yieaegmh staedd. g
chiral c h

eparatfmhs paeleadafode ot & ToBhE A aOTudENE jnPlod £Hl fﬁ?&hﬂ@m
i ndi vi deavative dst. Reedionith 8 calbambﬁ o(tmrrrdeﬁ}m(l@m)@l putrhe peasemdtei of metngyllithium

tioners ca aI so be se a Chl HPLC ol umm. sinhgl e
Z eoi §6ﬁ%tppar§ g agentin a 5y [ Vrem gﬁ'} %ﬁdlsﬂio qrEation Oﬁr’f‘geg‘f‘r@?‘é s“ﬁer

miy be TAg afitAfuRbrPf dogRLid 4 3Nns 8lp rBtQ@teH Bf SHcHorMvith 1y 8ot §lafn@inBlitgdlesuch
as formati on of diastereoners usi ng optically active fesolving agents

(El i el solpentasughwg B@lﬁnolslea@ngrae&a:tmemrsofmtemle@i@drﬁ ¢ Conpounds. New York:
John Wley & Sons, Inc., 1994; Lochmuller, C H, et al. "Chromatographic
resol ution of enanti orrers Sel ective review." J. Chromatogr., 113(3)

(1975): pp.gr,283- 392) em e m xt % cchiral ggonpounds of the i nvention
can be separat edCl'ahﬁ’(}@Q ROl fed byla ;Qg ah| e et hod| i ;
formation |0n|rCBuL| ast er r\c al tg,0M th clii ral \co

separ at i on™oy NHy actional | cr ysfa) NS Zzat i en—er Sopie pit

di ast er eongi ¢ conpounds| Wi t R, Lﬁél deriva |zin@zr§
the diastereoners, and c nver5|dn to the pure stereois
separ at i on*bf the substantialdy pure or enriched stereoisoners ditectly
ungdger chiral conditions. See: Wainer, Irving W, Ed. Drug

35St ereochem stry: Anal ytical Methods and Pharmacol ogy. New York: Marcel
Dekker, Inc., 1993. Under net hggphdmd 5 di astereoneric salts can be
formed by reaction of enantionericalTy pure chiral bases such ru0|ne
qui ni ne, ~ epRektamndesstibgsdhmsmehesisof awartiline asgrphBoyiwba hyl ahemim R, R and R’
(anmphetam ne), and the like wth asy ric conpounds bearing acidic
functionality, such as carboxylic acid and sul fonic acid. The

di astereoneric salts nmay be induced to separate by WO

2011/ 025940PCT/ US2010/ 046955 5fractional crystallization or ionic

chr omat ogr aphy. For separation of the optical isonmers of am no conpounds,




10 Organi c Conpounds. New York: John Wley & Sons, Inc., 1994, p. 322).

Di ast ereoneri c conpounds can be formed by reacting asymmetric conpounds

wi t h enamwoanaraesbl y pure chiral derivatizi ng reagent spPCIushoiad4event hyl
der isvatgry 8sfindd el NRH [ t ' e : S, to
yield tﬁe ptlﬁee or enrlgﬁsegﬁgﬁ%%%iagﬂnlggﬂ%&%? hggﬁzﬁ g%é‘?%ﬁ%q%‘?gﬁ% %@P&
purity 4. hwopwestedeki regctoty with 1lesbis(chloradiniettadsilyl)athandin the gresenceeoffa str¢ng)
ment hyl. chl or of or.na in the .15 presence. of e, or Msher ester, .

- met e HCper Pfﬁutrﬁﬁw 4 5%1%@19;@5%?%5( ¢ 8bloM temPpareh &2 #8s 6 1t i on
of () - Sofh AP NOAALE 9ldisNBeycRYhDRS | ifitethedifik- 5 ANIHicR) 1NLaRIA MRS Qﬁrblii'nggl
Enantioneric Purity." J. 'Og. Chem Vol. 47, No. 21(1982): pp. 4165-4167),
of t he ohlEleiROG=1)Ct i the prtsenvalof nibuty litheund br NhRisgretde rgant froa suitableppbsaince

of ;t,he t i soneri.c_enanti.gners or di astereoners t abl.e di ast oners
of 100 s RafHar RQBR firmEnRh ak B e Slala S ShSREToTBRiB R By BRKE-2 Rang
rever s etepfacteChy fABEGOHWARMN dcfl $1RW RHOELNPHFGLHR sobRBR NS0 ormation of

at ropi soneri ¢ napht hyl -i soqui nol i nes (WD 96/ 15111). By nmethod (3), a

raceni dofgfmedizte Ik two enantioners can be separated by chronatography using
a chiral stationary phase (Lough, WJ., Ed. Chiral Liquid Chronmatography.
New Yor k: Chapman and Hal |, 1989; Ckanoto, Yoshio, et al. "Optical

resol uti on of dghydropyridi ne 25 enantioners by hi gh-perfor ce liquid

chr omat ogr aphy lusi ng pheﬁ'y;lsg%i‘r barmr\yes of pol ysaceharides as chiral
" J. Chrdfmet ogr . 13 @193%}6.,,5@. 3‘/‘5@2}.0 Bnri ched

stationary phg ¥ Y
or purifiegd \enasm rs—cam be disti hed ,by—retheds us ’st i ngui sh
ot her chi rgﬁ mﬂzecﬂ]@gs vvi‘?ﬁﬁeasymgr)é?'ri ,carb ) atons, sulrNas 2op}l{i 05%
rotation and circul ar di chroism Bl OLB@%GA* EVALUATI ON 30B- F&f nut ant
protein 447- 718" (V600E) was co-expressed@ith the chaperone $®otei n Cdc37,
conpl exed with Hsp90 (Roe,3 S. Mark, et "al. "The Mechani sm of Hsp90

Regul ati on by the Protei i*Ki nase- Speci fi c Cochaperone p50cdc37." Cell. Vol.
116 (2004) keddBion87- 98!?1 LF, et al. "Raf exists in a native

het er oconplex—wm-+th Hsp9d go that can be reconstituted in a cell free
system™" J. Biol. CheM 268 ﬁ/ )R{1993): pp. 21711-21716). 35Deternining the
activity of Raf in the sa&fple is possible by a nunber of direct and

i ndirect detection nmethodgg(US 2004/ 0082014). Activity of human reconbi nant
B-Raf protein may be assessed in vitro by assay of the incorporation of
radso | abel ed phosphate to reconbi n&heiNRlg ki nase (MEK), a known

physi ol ogi ¢ substrate of B-Raf, according to US 2004/0127496 and WO WD
2011/ 025940pPchpruse desribasaBiha v/ 2athesizing en igerimadiagg phifarbiuld bh, wherti00E

full-1engkh ' b i ng.the . incoerporation of radpo

| abel edt pRosihats Ry ke £ WARHRAD, TRESHEARINE A STHAREH Safien! PELS
Exanpl enine 6ADMtINa STIRAKI ENoANDR FRIGVRYRCHY PrésbhccfiPRYabAThdBNS NFtken 60 bR@bRds

of the i venti% may. be adm ni stered by any convenient route appropriate 10
to the SERE: SHGhat gichloremethansy. Hydrolymi ef egrupaund; ¢id|1s @ecasmplished dpdatbasis)

(i pel udi : . ! . .

e ader Aoty Eih AR AMts NAOHE THAE UofRbprip BLATUTA0HEm, .84 REFLFSRURr MeOIY,
(i ncl ude pvidecthamamoesusfobarniagueed.) Thisaginpalind im4 seipdtd sodveaa such a ehpadlniznar y

and intrangsal . The.conpounds may be adm.ni stered in any convenient.

admi ni SERSAMGE aerﬁhfﬁmge%.m,» Syt and 334115%93 éqag?ntééaglmwm%mﬁimqea to

di sper $hNgn amlheAe4ISi ons, syrups, sprays, suppositories, gels, enulsions,
pat ches, etc. Such conpositions may contain conmponents conventional in
pharmaceutical preparations, e.g., diluents, carriers, pH nodifiers,

sweet eners, bul king agents, and further active agents. If parenteral

admini stration is desired? the conppsiktons will Be sterile and in a

sol ution or suspensi oR\f ofQ suitablsﬁﬁgr i nj e®omor i nfusion. 20A typical
formul ation is prepared m xi ng _.a_conppund of prg ent invention and a
carrier or excipienty,NSUNabe,carr pgls and i NiNs~er‘e wel | known to
those skilled in the art gnd are described in detgéil Hn, e.g., Ansel,
Howard C., et al., Ansel's Pharnaceutical Dosage Fornms and Drug Delivery
Syssems. Phil adel phia: Lipbincott, Wllians & WlkPfns, 2004; Gennaro,
Alfonso R, et al. Rem ngton: The Science_and Practice of Pharnacy.

Phi | adel phi a: Lippincott, 25 Wi aPEhelmed| ki ns, 2000; and Rowe, Raymond C.
Handbook of SPhahdT8C sitviC dhotherC WRY S5t Sre Qﬁ% af OinteRRadigRCet thfiﬁLllla . 6SSThR00S.
The fornul ati ons may al so i nclude one re butffers, stabilizing agents,
surfactants, wetting agents, lubricati'hg agents, enulsifiers, suspending
agents, preservatives, antioxidants, opaquing agents, glidants, processing
ai ds, colorants, sweeteners, perfum ng agents, flavoring agents, diluents
and ot her known additives to provide an el egant 30 presentation of the drug
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conprising a conmpound of Formulas I-XXV for use in the treatnment of cancer.
Anot her enbodi nent of the present invention provides a pharnaceuti cal
conposi t iwo 200mRs948i Nng a conpound of Formul as |- XXV f or PasaS2enoton@ss

treaf mept, of ligﬂﬁyacgdrﬁgfs’ﬁsd R@Joﬂysﬁﬁ*&}ﬁé{%ddf%%m% 8&&‘%&% 99CRH, b QYRR O
provi des a pharnmaceutic conposition conprising a conpound of Fornul as
| - XXV f dlonideeRi'$O4tentthe pravemte ff a badey sych h< piiidingyindirsegasic SYFERORGCHORS
TREATMENT, W TH COVPOUNDS OF THE | NVENTI ON The invention includes

met hodsU5210t9ReBaSg or preventing di sease or condition by administering one
or nore conpounds of this invention, or a stereoisomer or pharnmaceutically
acceptabl e salt thereof In one enbodinent, a human patient is treated with
a conmpound of 15 Forpgulas |-XXV, or a stereoisoner, taurdmer or

phar maceutical | ygaccgptabl e salt thereof, and a phamacgutically acceptable
carrier, adjuvant, ehDcl e in an anount to detectaRfy™ nhiCbit B-Raf

activity. A hes. gnbodi ; pat | girSafed with a
M,Ror a stereoi somer, taul"g‘her, prﬂ)d‘y%g or

I
conmpound of For'aN asT1 -
phar naceutical |y acceptable salt thereof, and a 20 pharnmceutically
acceptabl e carrier,sadjuvant, or vehicle in an amount t&Z&etectably inhibit
B-Raf activity. I n anot her enbodi nent of the present invention, a
nethbd of treating a hyperproliferatSchemti&ease in a marmal conpri sing
adm ni sterin [ t. v n f theAC I gf 4
For mil as. 1 - o AUeBBR Liihe 0 B sk AR Rl i SRR, B and Ry
25accepirabl defamidthetdieambR? isthgdidgen. MEHRBlanéfBrpdtvviidl &ctomplished bY whgs leéiicing
enbodi nent._ of the present invention, a nethod of treating,.

a
hyper prPfitiongt e agikoge ip theprasensart @ pallsdium rrjalysning Sttablesglvant such as
ther apeytifdl |y effective amount of the conpound of Formulas |-XXV, or a
stereoi soner, tautoner or pharmaceutically acceptable salt thereof, to the
mankfal i s provi ded. 30l n another enbodi nent of the present invention, a

met hod of treating kidney disease in a manmal conprising admnistering a

t herapeutically eff i ve amount of the conpound of ForRllas I-XXV, or a

st ereoi soner, tatito , p6odrug or pharmaceutically ac a-tabkﬁ salt

thereof, to the ma i siprovided. In a further enbo t, ut he ki dney

di sease i s polyg iNdfigys di Sease. 35In anot her ygybod#magti-r@ et hod of
treating or preventi ¢afcer in a mammal in need o sgghFiﬁbatnent,
wherein the nethod conprises admnistering to said na | a therapeutically
ef fective amount of 24 conpound of Forrulas |-XXV, or a %r eoi soner

taut omer or pharmaceutically acceptapl,e sgjt thereof The cancer is sel ected
from breast, ovary, cervix, prostatgghg§§és, genitourinary tract,
esophagus, | Suhymie9 dghdritel atsonthesinetindblcattdinm of Bo@masH.2, ¢Bereld®’, R? and R
2011/025940PCT/g%§010/046955 5skin, keratoacant homa, |ung, epidernoid.

car ci notgas flefinse herern andR cis hydae genstiris transarmatiog)is a@awilaeﬁqldzy usipggeducing
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follicular carcinoma,” u carci

sem nondhanokl anoma, sarcoma, bl adder carcinoma, liver carcinoma and biliary
passages, kidney carcinoma, nyeloid disorders, |ynphoid disorders, hairy
cells, buccal cavity and pharynx (oral), lip, tongue, nouth, 10 pharynx,
smal | intestine, colon-reckgnl |l arge intestine, rectum brain and central

nervous system Hodgki

L1S and | eukgyRso,RANOL her
i nvention provides the

eof a compRyde of FO - XXV, or a

st ereoi sonmer, tautoner or armaceutically acce wsBFt thereof, in the
manuf acture of a nedi teent f dr the treat merg,NOTCang | n anot her

embodi ment, a method of treating or preventing cgpcel in a mammal in need
of 15 such treatnment, wherein the nethod conprises adm nistering to said
manmal a therapeutically #®ifective amount of a ceempound of Fornul as I-XXV,
or a stereoi soner, tautoner, prodrug or pharmaceutically acceptable salt

t her eof . Anot her enbodi ment Soherh&é@0 pr esent i nvention provides the
use of a co und aof Formul as | - , Or a sterepisoner, tautoner, prodrug
or eléh ar mace[ﬁ)‘i TF 13 Shows gt L déqxf\’/rePW&ge’élFﬁlleisﬁgitﬁ‘étg‘anW&ﬁ d?tﬁﬁ??ﬁ‘%e%? 61-%'
medi caneditib®bt AltRokifAaY 08 MitPhhe SENGS salt of H2N§@9R¢‘(%Ené?5@&) gl g%ﬂ&rg&f\)/as% kEch
present invention provides the use of a conpound of Fornulas I- , or a
st er eoiasowdium hadmcgbrem a guitable sglvent, phely anDMIO ca | Nyneatindeptdidose $ANMVP”) at

t hereof, in the manufacture of a nedicggent for the treatnment of ki dney

di sease. In a further enbodi nent, the Kidney disease is polycystic kidney
di sease. 251 n another enbodi ment, a nethod of preventing or treating
cancer, conprising adm nistering to a manmal in need of such treatnent an
effective amount of a conpound of Formnulas I-XXV, or a stereoisoner,
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anbodi ment of the present




carcinoma i s squanous cell carcinoma. In another further enbodi nent, the
carcinoma is an adenoma or adenocar ci nona. I n anot her enbodi nent, a
nmet hod ofwonentizsggoor preventing a disease or disorder modulsatiem4dsys B- Raf ,

conpri %l%f ri ' h treatnent an effective
anggnt%g?&ﬁg ‘%@%1#%g%%ﬁéﬁ%ﬁﬁﬁﬁg%iﬁﬁ%ﬁﬁﬁ%%9 g%gonpound of Formul as

| - XXV, or a stereoisoner, tautoner or pharmaceutically acceptable salt

t her eof Exanpl es of such di seases and di sorders |nclude but are not
limted to, cancer.RYhe cancer is selected from breas®? ovary, cervix,
prostate, testi R' _gg |tour|nary tract, esophagus, R glloblastona

neur obl ast ona, sto Ekpn, kér%l{'f@&‘éﬂlﬁ?thhﬁm | ung, d&( poi d carci nons,

| arge cel |l car¢j oy 'C, sy WFS carC|nonﬁ|V ggrenocar ci nonm,

bone, 10 col on, “adefgne ﬁhncreas Socar ci nona’ t hys nﬂRNFBII|cuIar
carcinoma, undifferentiated carcinoma, papillary carcinom™ sem nons,
mel anoma, sarcoma, hi.adder carcinoma, liver carcinoma grgl biliary passages,

ki dney carci noma, nyeloid disorders, |ynphoid disorders, hairy cells,

buccal cavity and pharynx (oral), |3¢hemesHgue, nouth, pharynx, small

i ntestine, t . NeT VOUS
oSt e, SERIRE £ ALAEL LR L UM Bl SO0 e

treéati kg, Rt Rﬁraau@?tarm@efmed heeas e\ sulfahiafidalEr 1 (Roduhikibds teatddt wWak a seléasylsi ng
admi ni s rlng to . a nannal in_need of such treatnent an effective anpunt of

a conpSiiREIeI 9l Yanf sichps IME ang subsequentbphdsalyred to g shldamide 13 2dyragdgition of
pharnagea&hﬁ@khﬁmqﬁggggQﬁ&gn%?&%xhgereof I n anot her enbodi ment of the
present invention 0 preventing or treating kidney 20 disease,
conprising admnistering to a manmal in need of such treatnent an effective
anount of a conpound of Fornulas |-XXV, or a stereoisoner, tautomner,
prodrug or pharmaceutically acceptable salt thereof, eﬂﬁé%9nr in

conmbi nation with one or nore additional conpounds. HN her enbodi nent of

t he present i ngention, a nmethod of reventln or treat popycystic ki dney
di sease, Jlls/ﬁﬁ' 2Py Pei A0 Nt)%\(( fhiof

eed of $ugh freatnment an
ef fective 25' anount Wétera0°Ce>mp06m of NFor pudiag OfC. }XV, or a &t e soner,

taut omer, prodi&y§ or pharmaceuti cal |y, §hceptable salt thgreof; Qne or in
conbi nation with one or nore additional conpounds. Another enbodi nent of
the present inve@tion provides the yse of a conpound of Fornulas |-XXV, or
a stereoi soneR SBner or phar gutically acceptable salt thereof, in
the 30 manufacture1d4 a nedigarent for the treatnment of cancer. The cancer
i s sel ected Mowholibr east, ovary, [Cesvix, prostate, testis, genitourinary
tract, esophaguseec]rmymX, ¢bN 'tona neur obl ast oma, stomach, skin

ker at oacant homa, |ung, epidernpid_carcinoma, |arge cell carcinom, NSCLC,
smal |l cell carcinoma, |ung adeno€5f0|nona bone, col on, adenonm, pancreas,
adesocarci noma, thyroid, follicul ar§@Rpe Pons, undi fferentiated carci nona
papi |l l ary carcinoma, sem nonm, 35 nelanonm, sarconmm, bl adder carcinong,
liver carciSehamend 18i | i deseripesssadlss, wwwheyScaﬂdinoﬁm W#bﬂ0|deﬁm50rdérs

tongue B R it e Gl e b PR T 0, e

r ect umsoditirai rmaiwl afdt hadticnedcidUsn Sy Stsaiabléodgkem SsuaRd ak € Uier ato | dffcad
further_enbodi nent, the use of a conpound of Fornulas I-XXV in th

manuf afPo-améro-N-hydrgatrexeacetigidoykeyaniled 2. Fgactiomph] 2.2 rWllﬂhtoﬁﬂémqr@&tlﬁe nt
of 5 2 (0] t
on2 g sullb1e QLR AR T e (PR D R PTG (ISR PG Shnide |, o
of a cd)?.rﬁpwhnthosi theay mihapreberié}%f adfasasiwwhek e@cirﬁbcHBre ant ot suchra@dathagopr
pharnaceut calh{ acce ble salt thereof, in the nanufacture of a

hén

medi caHEHEd f opt meneEEPRaciiaE  JAbt KBr isnidiliet® &Ve han prisdnt
I nvent 4OmiRg @x/da%amtyh@otﬁe;olefs @arm&&gymﬂ sof Formulas 10 1-XXV, or a

st ereoi soner, tautorfer, prodrug or armaceutically acceptable salt
thereof, in the manufacture of a nedlcanent for the treatnment of polycystic
ki dney disease. In a further enbodi nent, the kidney di sease is polycystic
ki dney di sease. Anot her enbodi ment of the present invention provides
the conpounds of Fornulas I-XXV for use in therapy.

30



15Anot her enbodi nent of the present invention provides the conpounds of
Formulas |-XXV for use in the treatnent of a hyperproliferative disease. In
a furtherwertbudizeEnt, the hyperproliferative di sease i sPcanseroa®s$ urt her
defined and may be individually selected fromthose above). g Anot her
enbodi ment of the prgsent invention provides the conmpoundof4 For nul as 20
1-XXV for use in theltreatment of Qki dney.dbsease. In g further enbodinent,

t he ki dney di sea ZN BWycystRQy%Ldﬁéy— i —COMVBI NA THERAPY The
conpounds of this tion and stereoi SGFeFE™alf phan ically
acceptabl e salts Théreof may be e oyed alone or in coftbingtion with other
t her apeutic agents fq@m treatnent. e 25 conpounds of t Re_present invention
can e used in conbination with one or nore additi onal dﬂags, for exanple
an anti-hyperproliferative, anti-carggéme@8 cChenotherapeutic agent. The

second conpound of the pharnmaceutical’ conbi nation fornul ati on or dosing
regi men pr ef ¥hgpeyl Srigscribssflicdmerationyof astubspituted thiophent £3.2 thrpughntagfont dfitise

i nventi .t dg, not .adversely aff h at her .. Such agepts
re out SRR BRI S AR S B R Eonta e BT EREE AN D P GO i
30 pur piasggahictRBelegkh dNPoteRIROYABENARYNDA AHRbIBiIsSventeshch Qg k@bl hielavated
unitary pharmaceutical conposition or separately and, when adm ni stered
seb%%aﬂ@WVmPHFﬁinay occur sinmultaneously or sequentially in any order. Such
sequential adm nistration may be close in tigre or renote in fine. A
"chenot her apeut i ent" is a chemcal ¢ und useful in th&xtewreat nent of
cancer, regafl eys of pppehRRimaR of acyi on/ Chengtrigsiapeut N¢ ents include
conpounds used [FN\35 "L cther ' conventidnal Cch bt her apy. A
nunber of Bt i { nati on

t her apeutics in the nethods of tRe present

re contenplated for use

i nvention. Theé present invention contgqg%ates, but is not |limted to,

admi ni strati da1of numerous anticancer AYyents, such as: agéﬁ?s t hat i nduce
apoptosis; polynucleotides (e.g., ribozymes); polypeptides (e.g., enzynes);
drugs; biological mimetics; alkal oi @chetaekd| ating 51

201 _1/ 025940@6:15‘1@21(31&%&4&% 3R fsSof @Y tﬁ'lsteg 'sﬁ%nﬁ@éﬂebiﬂ Where X ang. Y are as
anti nmet abol i tes; hornones; ﬁfa I num conpounds; nonocl onal anti bodi es

conj ugategdedvhtiriranThe anoenbatedihaterocpole id,1 iamedoted withliethyl okthafesmateiinlaogficcal

response difiers (e.g.,,interferons [e. g., |[FNa, etc. ng interl eukins
Lo BO ST o Toiim b e DY S i S Sy kg hydated ot e
gromﬂhz&ﬁpppggyh&gﬁ@q§a&@ﬁhsgaggggmkpnor cell differentiation (e.g.,

all-trans-retihoic acid, etc.); gene therapy reagents; antisense therapy
10reagents and nucl eoti des; tunor vaccines; inhibitors of angi ogenesis, and

the |ike. Exa of chenot her apeut gents include inib
(TARCEVA(r), GgpRnt rergku)f%él fpivzamdine Boyte %%"% )§VELCADE(r éﬁénni um
Pharm ), FulvestrgEfg FASL QDS , raze ecaﬂﬂ*&ﬂﬂﬁtiﬁﬁ ENT(r),
Pfizer), Letrozol MARA( kormami@y aHiNi L S {'matini b nmesyNat & EEVEC(r),
Novartis), PTRY8%/ zK 222584 (Novarti s)l, C%aliplatin (Eloxatin(r), 15
Sanofi), 5-FU (5-fluorouracil), Leuco¥brin, Rapamycin (SiQolinus,
RAPAMUNEO, Wet h), qdppatinib (TYKERB(r )45 f3SK572016, G axo qith Kline),
Lonafarnib (SCH 66336), Sorafenib (NEXAVAR(r), Bayer), Irinotecan
(CAVPTOSAR(r), Pfizer) and Gefitini BehdEEBSA(r), AstraZeneca), AGL478, AG

15 SU 5271, S .al kyl ati t h t hi ot ) d .CYTOXAN
157h (U s2rs, Sugenl ol acing spgots steh o 4ol con ang CTOUN)
pi posuly aRas ALHiRE Hérah.r]?s?%r%ﬁﬁ@e ?f 1 Qﬁf‘ﬁ@é&%ﬂ%ed_ t%%]{ié’%bg im{dBhd!{ £ 8 %eatﬁ'&d

uredopa; ethylenim nes and net hyl anel am’nes | ncl udi ng "al tretam ne;
t ri et hywigniomshmidenaernativelyh yith nepktspbiioemardinetacetaterant doretanidpasidad 6 A de

and tri.net 0 I ne; acet.ogeni (,especially bullataci.n and
buIIatégﬁﬁgﬁénggﬁgéﬁ%?%?ﬂ% f a?ﬁﬁ%ﬁdﬁﬁﬁ@“?%ﬁ“%@ﬂ?ﬁé?l orRs§ og t opot ecan):
bryostatin; callystatin; CC 1065 (including its adozel esin, carzelesin and
bi zel esi n synthetic anal ogs); cryptophycins 25 (particularly cryptophycin 1
and cryptophycin 8); dolastatin; duocarnycin (including the synthetic

anal ogs, KW 2189 and CB1l- TML); el eutherobin; pancratistatin; a

sarcodi ctyin; spongistatin; nitrogen nustards such as chl oranbuci l

chl or naphazi ne, chl or ophospham de, estranustine, ifosfam de,
mechl or et ham ne, mechl or et ham ne oxi de hydrochl ori de, nel phal an
novenbi chi n, phenesteri ne, predninustigf, trof osfam de, uracil nustard,
nitrosureas such as



30 carnustine, chlorozotocin, fotenustine, |onustine, ninustine, and

rani mustine; antibiotics such as the enediyne antibiotics (e.g.,

cal i chearwoi2ni1/esq@eci al | y cali cheamicin gammal | and calpcthsamooiéysdmegal |
(Angew Chem Intl. Ed. Engl. 4) 33:183-186); dynegmgin, including
dynem cin A; bi sphosphonagges, /Such as cl odronaten an/esperanicin; as well
as neocarzinostatin chroffopfiorg and r €lAP@Echr Grrojr Otei n enedi yne
anti bi oti c chronmophore#N Ci nonysi ns, 35 ad¥i cin, authramnycin,
azaserine, bleonycins, cadgtinonycin, carabicin, rm nonycin,

carzi nophi lin, chromonyci Ris, dactinonycin, daunotubicin, detorubicin,
6- diazo- 5- oxo- L-norl euci ne4 ADRI AMYCI N(r) ( doxor ubjees n),
norﬁﬁolino-doxorubicin, cyanonor phol i no- doxor ubi ci n,

2- pyrrol i no-doxorubicin and deoxydo>Sehedaedbn), epirubicin, esorubicin,

i dar ubi ci n, rcel |l opycin, mtonycins such as mtonycin C cophenp|ic
acid, 52 ﬁ%ﬁ/@f@éﬁfm@&ﬁ*ﬁ@@@m eﬁ%gs%lognﬁsﬁ&t%rmfé}aﬁﬁ I PSRy LAY are
pepl onyed BefiRAr AdrERANY Thik (rRIYERMAELR Slﬁﬁl% %ﬁ%ﬁ%ﬂﬁsh@@??rty&hﬁélﬁ’ with a s%itable

streptonigrin, streptozocin, tuberci ni-mex, nostatin, zorubicin
ant i - ne¢chidrdting sagant hsuak  aetthiohylexhloeidanar phbsphoryducldeiide (i6- fid) prekeicecofici d

anal og h enopt.erin, t hot r exat.e teropterin, trinetrexate; purine
Al DN R TR o ebte St e BT TR e P
pyri m didaenaf@d. 0gs such as ancitabine, azacitidine, 6-azauridine, carnofur,
10 cyt arabi ne, dideoxyuridine, doxifluridine, enocitabine, floxuridine;

androgens such as cgl usterone, dronostanolgpneRpropionate, epi tigst Bnol ,
mepi ti ostane, t &t @) act ORgmadihs - adr enal s as am nogl ut et hi

m totane, tgijostane; folacgataci d repl eg)’l Al s ucdhlogigatiérr ol | ?;f& i d;
acegl at one; bospham de egcosidE' affi nol evul ini € acidy e il Xracil;
ansacrine; o gbuci | ; bdsantrene; B faXat e; def of am ne; “Yenmé&col ci ne;

di azi quone; el fornithine; elliptiniumagsetate; an epothilonejl 15 etogl ucid;
gal l ium ni tgate;_ hydroxyurea; |entinan; |onidainine; maytansipnqQids such as

mayt ansi ne and Hﬁkanitocins; m t oguazonel4%ri t oxant rone; nopi nol ;
nitraerine; pentostatin; phenanet; @di Lcin; | osoxantrone; podophyllinic
aci d; 2-ethyl hydrazi de; procarbaziner—égﬁgr) pol ysacchari de conpl ex (JHS

Nat ur al Pr odSidieie 1Zugsotibes ORrierd] azaak@ifor synthes kg intesinedifiles M2, wherein X and

spi r.oge naniugl t enuazoni c acid; triaziquone; . .

2, 245 2+ Y apdgfignd heseiny comiame a chlermpyAeddine snaigy (thatps dsed t ar5menphered
verracutd OoLjoin A oM di ; o Vitadesi nen:.d agi
o e ot T A st T s RO A% e
(" Ar a- GhilepengaitypGp€p lakkyl )deith fhrineindgme detaei idss swtaple, soVRXOLSuch af pthaholt axel ;

Bristol - rs. Squi bb Oncol ogy,. Princetqn, N.J.),.AB ETM .

(O orropIETaTe 1B heraiyts Bves dR e BEaN A2 AT by W [amgomped with 2
pacl i t atfdridafiBbbSRASubR 8 PBCRUH iGRkmEBAEN§TS, Schaunberg, [llinois), and 25
TAXOTERE(r) (doxetaxel; Rhone-Poul enc Rorer, Antony, France);

chl28r anmbuci | ; GEMZAR(r) (genctitabine): 6-thioguani ne; mnercaptopurine;

nmet hotrexate; platinum anal ogs such as cisplatin and carbopl atin;

vi nbl asti ne; etoposide (VP-16); ifosfam de; mtoxantrone; vincristine;
NAVELBINE(rhb&vinorelbhn&&mmm@vantrone; teni posi de; edatrexate; dgunonycin;

am nopterin; °C i t abfgstate XELODAO) N dronatgomiceT- 11; top@i sQner ase

i nhi bitor RES o° 30 difluoronetﬁg]o niXhine—fEhFﬁiT—Tetim%? s “uch as
retinoic aci'dy and pharfif@e®dti cal |y accept abl eaceif gaid Aaci d&N seri vati ves
of any of theOabove. Al so included i@ the definition of "chenptherapeutic
agent" are:R(i)1amti-hornDnaI agents tlIB&t act to regulate or 1hp§gbit

hor mone action on tunors such as anti-estrogens and sel ective estrogen
receptor nodul ators (SERMs), including, for exanple, tanoxifen (including
35 NOLVADEXQO, tanoxifen citragﬁ), ral oxi f ene, droloxbfene,

4- hydr oxyt anoxi fen, trioxifeney_keoxifene, LY117018, @pri stone, and
FARESTON(r) (@apropm fine citvate); (ii)yaheupptase wnhibitors that inhibit

t he enzyne aromatase~ whi £h e yl at es -est+egen pfbd}CT?Oﬂ in the adrenal

gl ands, suchR@d basor exd ~X(5) -inidazol es, i ‘ut et hi mi de, MEGASE(r)
(megestrol acetate), AROVAZ N(r) (exenestane; Pfiger), fornestanie,
fadrozole, RIVISOR(r) (voroqgée), 53 WD 2011/025 CT/ US2010/ 046955 5
FEMARA(r) (letrozole; Novartrs), and ARIM DEX(r) (anastrozol e;

AstraZeneca); (iii) anti-androgens sucgzas flutam de, nilutam de,

bi cal utam de, leuprolide, and goserelin; as well as troxacitabine (a

1, 3-di oxol ane nucl eosi de cytosi ne anal og); (iv) protein kinase inhibitors;
(v) lipid kinase inhibitors; (vi) antisense oligonucleotides, particularly
t hose which inhibit expression of genes in signaling pathways inplicated in

oy - o - AN NI ZN




EXAMPLES In order to illustrate the invention, the foll owm ng Exanpl es
are included. However, it is to be understood that these Exanples do not
limt thewOroamRsan and are only neant to suggest a 54 PODUS2010/046955

2011/ 025940PCT/ US2010/ 046955 5net ho r@cticing the invention. Persons
skilled in the art wll recognize tqsc ¢ lgchem' cal reactions described may
be readily aSkheted Stdesqitepanather geueibmethibd déhwhthesinpgumesnafiatehE7.2 nvent i on,
and alternat.ive t hods .f or pr,epahri ,n%ut he canpounds gf this . invention are
deened {RNGACRICFPRYRE RS poigy thatissusqd e arrapmbersd helgracpelic sypirm. ¥pfieHesi s
of non-grxempel fiked THRAREAY '&%er%%ﬁ@a&weri@.ltigréa%d %%%Efﬂn@ﬂi&%)’ac eSHGSEBR! | Y
performed by nodifications apparent to those skilled 1n the art, e.qg.,
by apprsopvengtsethyasmtivinet tat elgvated enfperdturgs gr foupshe pyriridohé dérngtioe h&2. sui t abl e
reﬁlt%entf ktnovvn L bt he. art ot.h ﬁ tr11an t hose descri.&ed, and/ or Ig%/ maki r{%

routt ne' B ELHIPERBING AN f SN GIPTBhAIER BACCUNPGE- A glavatat (emRsTifes sIves
react i oRg bilinsSInsARdRy 8.1 QérbEHﬁWibd Radtltf @idbr Iyi‘eish,ré?&ir{%e&a?&m hbfkbxide, Bavi ng

applicability for preparing other conpounds of the invention. In the

Exanpl esitalls prilasiemisatabyal, suchl asd b, 1 obib@inbiesplphorphinadfedoedne]diehipropaiadivs(1By e

set forth 15 in_degrees .Cel si us eagent s _wer rchased fromc rci.al
suppl | o sk sl PSR iaF bl no il Aagdegiinof aF et R e S Frou
furt herespidefivaiatilarne, Whiess fgthRe frihFemicadiigad E6lorinating agdt&ubiEaFPOCNTo Set
forth bel ow were done generally under a positive pressure of nitrogen or

ar gon ontefnediatg 1drdii ng t ube (unl ess ot herwi se stated) in anhydrous
sol vents, and the reaction flasks were typically fitted with rubber septa
for the introduction of substrates and reagents via syringe. 20 d assware

was oven dried and/or heat dried. NCoI umm chr omat ography puriification
was done on a Bioth ste%gd\@)nuf act@reg\Dyaxy§or porati o N ing a
silica gel columpQr stHea—sepRak ri dge—-vaters) ar qn Tel edyne

| sco Conbi fl ash pﬁrl\nfi cAtion system usi ig prepacked silica g cartridges.
1H NMVR spectra wereOecorded on a Bruke? AVIII 400 MHz or Bruker AVIII 500
MHz or on a Varian 4@614MHz NWVR 25spectr ter. 183- 1- NMR
spectra were obtai ned as CDC13, CD2C12, 0D, D20, d6-DMSO, d6-acetone or
CD3CN sol utions (reported in ppm, using tetranethylsilane (0.00 ppn) or
resi dual solvent (CDC13: 7.25 ppm CD30D: 3.31 ppm 0: R4. 79 ppm d6- DMSO
2.50 ppm d6-acetone: 2.05 ppm CN: 1.94 ppm as the-@eference standard.
Wien peak nul IPdpCoOci ties arr reported, chloigatio30 f oLNQowiing abbrevi ations are
used: s (sin Oﬂ%ﬁi d (dou [et ot (triptet)T q (quarifep), gn (quintuplet),
sx (sextupl et ) FEmul ti pl xor (broadened), dddbubl et of doublets), dt
(doubl et of triplets). Couppi ng constants, when gigen, are reported in
Hertz (Hz). Exanple A B-Raf J{3pO0 Assay Protocol 3xf¢tivity of human
reconbi nant B-Raf protein nay be assessed in vitro by assay of the

i ncorporation of radio | abel ed phos te reconmbi nant MAP ki nase (MEK), a
known physi ol ogi ¢ substrate of B-Raft ding to U S. Patent App!.

Publ i cat i on ¥aem?@0041c0dAed A6candl }f@d{?ya/f@??ﬁﬂﬂes_iz@-?% Atetie8Rtds Y 98 Edn¢Aning N
reconbi nant B-Raf protein is obtained by purification fromsf9 insect cells
i nfP8ct ehlagpiriaziae mmelhi et Rafusedioonbmemberadasterenyiclicisystand wherein R is as defined

nctivi e PO el HORgE Ry S FLAER TR BN et Chomt D80 87 Rersd g
t he i ndeoreaoradtiitnriethyloatibforinaieeh & uipts@hahe stdh®efhandB B AdRtddit@peratures

FSBA-modified wild-type MEK. The 30-4 assay nixtures contained 25mM Na
Pi pes, PPt the tigpppiaderivativini- Ry dreatmephwith Yiipdesuspinirign it a suitakbe salyeus

Vanadat Py: ) < T 1 - :

e o R R e R e S S T e
pl &e (cadoni ng) mdokale, t 0 tdhie assdwblet he BaRadivand FIBALNWEK wersech as
preinc ted ether in say buffer at 1.5x (20 4 of 30nM an . 504,
respecH?ﬂégﬁ(ﬁﬁ%mggosrﬁhﬁﬁ’S’%ErW%ﬁ‘? gropaliadivmdl), ahase. suely aB)}“F‘géé‘E%ﬁa t4%n
of 10 ty 0l ¢l oW = -Gl [ :
i xt U ek S v el PeaReg® Al her M PR EIRMIRE TR S s
m xed dartkerimnsioymadwithalcblorinetinglagenty wueh asdtCh heinteroddiate WS captured on a
Perkin-Elmer G-/B filter plate using a Tontec Mach Il Harvester. After
sealing the bottomof the plate, 35 4 of Bio-Safe Il (Research Products
International) scintillation cocktail were added to each well and the plate
was top-seal ed and counted in a Topcou NXT (Packard). The
conpounds of Exanples 1-74, 76-95 and -113 were tested in the above assay
and 20 found to have an 1C50 of |less than about 1 jiM The conpounds
of Exanples 1-26, 28-34, 37-40, 42-50, 52, 53, 55-57, 59, 61-74, 76-78,
82-87, 89-92, 95, 97-102, 104, 107 and 109-112 were tested in the above
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-S N\ O F 0= 25 Met hyl
, 6-di fluoro-3-(N-(propyl sul fottyl)propyl sul fonam do) benzoat e Step

1 L wbaski/ozemocharged with 2, 6-difl uoro-3-nitrobenroirwsaeion4(osy. 0 g,
83.7 mmol ) and MeOH (170 ni, O. SM The flask was placed in a cold water
bath, and an additiongfynnel charged with a 2Ms0 on of trinmethylsilyl
("TMB") di RZdnet hane |n hexanes (2Q9>nL, 30 H19_ Mg was attached to the
fl ask. ThelTl\/ﬁ di azerethanre—sol utihn Was addec Cowl 0.t he reaction flask
over thé&itco \S of 2 bhers. A | &ge (3 of reagent was required in order
for the reac n to reach conpletion determ ned by the ceased evol ution

of N2 upon 20tther addition of reage2. The volatiles were renpved i n vacuo
to afford nethyl 2,6-difluoro-3-nitrobenzoate as a solid (18.2 g). The

)?I\)O

material was taken dgectly onto B. 35Step B: 100 .) Pd on
activated carbon ( . 46 g, n@;agﬁ was added to a |L f| ask WO

2011/ 02594 o 68p COOH

2,6-difluc \ oate (18 2 g, 83. 8 undé trogen

at nosphaw (350 nL, 0.25 M was added®” a @ien H2 was passed through

thegreacti on m xtose for 15 mnutes. The reaction m2ggure was stirred under
two H2 ball oons overnight. The followi ng day the reaction m xture was
re-flushed with fresh H2 ball oons ﬁs!l_mﬂﬁﬂred an additional 4 hours. Upon

t 10
ot ermned Bohertdsd JsBlbd Ak Bk Aoa AL AAETE BV ALBILY TP B A8 254
m Xt ur é- @hisfopmnlof]n Mﬁt e;zl]ttrilamugm gI@&Sactdduhiﬁmnlarﬁrdmb'sdcbelﬁm(deeﬁ/ E'snitpsiper
tw ce. The vol atiles were renmpved to afford nethy

3- ani n&RI¥CIH- aR9h gorbiBEROBAlte B e Biomq mere@d&}e 2€h%e Reqtestion) of s amiken
di jgct f o 6
[@ Mcﬁ@ﬁa‘?ﬂ% h\&glg@;a g @tﬂog@%ﬁﬂrl Cbroﬁ{@gaﬁslﬁ?s’h[els zﬂrilileo rﬁﬂ)teﬁﬂe{i kel éiiaté
3 am nderzvaﬁwd 20. Bu&lhsb@renomméﬂﬁ)f 86.3gyittBBstibngrbase), smhchsﬂoutyﬂﬁthyﬂnmmmﬁélﬂE 00
m., 251..1 L, 0.5 M maintained [n a cool water bath.
The reé‘b‘f’?‘g]m“r#% EH{%H@& a§‘§‘?nr 18g‘1aF6$aS).Lg‘F%?JWtG£F‘e E?rﬁcz}%rrper ature. Water (300
m.) was added, and the organic |ayer was separated, washed with water (2 x
300 mL), brine (200 nmL), then dried (Na2SO4), filtered and concentrated to
an oil. The crude product was purlfl ed by colum chrombography, 20 eluting
with 15% et hy,lI acetate EtO éxane The isol atggd fractions were
triturated @t xane‘”éB ﬁ t hyiPd], CO 7 NN
2,6-difluord propyl suI pro% onamu hzoate as a solid
(24.4 g, 73%lield for 3 stepd). 1H N E'zﬁ? 13) 8 7.52-7.45 (m
1H), 7.08-7. ¢m 1H), 3.97A 2131-1) 3.68-3.59 (m/SZH) 21.8.53-3.45 (m 2H),
2.02-1.89 (m 4H), 1.10 (t, J= 7.4 Hz, 6H). mz (APC -neg) M (SO2Pr) =
2925 2. 25 Exanple C 2,6-Difl uor%c%e‘ Erﬂpyl sul f onam do) benzoic acid A 1N
aqueous NaOH sol ution (150 m., 150 s added to a solution of nethyl
30 2,6-difl Sdtemae&l(d\ésélﬁhe@mgﬂ:ﬁuilfrﬁﬂhbd ﬂrr@whéwziﬁg)ﬂmdmx@) D42 P ]aiadzi@.20 .33,

501%% 2}41TH MeOH (250 niL I\ﬁ/IFTere ction m xture was stirred
r oot €Y df s nityme! e‘?ﬁemr?aj StMethybhiojigadazpflatff 1 < Sliarng %\}e}e
then ravpieid i 4 YACUO CHELErsRAl BHGTPRLAL e (M Oplmg@ (sl 9a

slow y added to the Tixture, and the resulting soli iltere and
r i nsedeermomacenm(db n aBﬁntabDe sbhentysuelr hathloadomhean gieesthe brovnd intBtn2@ligtd x

) B R R AE R
( M 1Hych?. £3- ﬂjms(( érlg)lg%hoﬁglﬁﬁo er@&eﬁ@]ﬁw%l@r@pall\ﬁ@um(llg a base, such as
2011/ 025940PCT. USZOl 04 1.69 , J= 7.4 Hz, 3H).

m z ( APGthyhegipenileohplz gudh asExeihaniol aD:lH@tch temperatures furmshes the ester derivative
21.3.

34



0 F 0==0 2,6-Difluoro-3-(N(propyl sul fonyl) propyl sul fonam do) benzoi c aci d
10Pr opane-1 -sul fonyl chloride (1.225 nL, 10.92 nmol) was added to a

m xt ure oVOewmi2em0 2, 6- di f | uorobenzoic acid (0.573 g, 3P8IMSAOMWI0IG955
triethylamne (2.030 niL, 14. %&@ml) and CH2C12 {44 nL, 0.2M cooled to OC
The reaction m xture wasyal |l to warmton tenperature and stirred
for 1 hour. The m'xturq//wa Qen%@[ﬂatm oné/d en saturated NaHCO3 (100
m.) and et hyl acetateHN(S The aqueoutN & was washed with ethyl
acetate (50 nL) 15 and then ‘acidified with gloncentrated HCL to a pH of
about 1. The acidified afueous |ayer was exPBracted with et hyl acetate (2 X
50 n)d.), and the conbined g4hyl acetate extracis were dried (Na2SO4),
filtered and concentrated. The resulting residue was triturated with
hexanes to afford 2, 6-difluoro-3-(NSchempRlsul f onyl ) propyl - sul f onani do) -
benzoic acid Eh% a 39}3 id. (0.948 g, 74%yield). 111 NWVR (400 MHz, DNVSO d6)
7.90-7. 84 ( myheme 22fleaqyibps 81 nreparatign of gnatherintsgmedipte agigighloridegg. liwhngh cap
411), : 5; 1) . - neqg) F W15 : e E
G 2! onforoaktined Mol Rmel LT G o Bl pal ML e e | GHATR
20- L 4-Neétidimethylfofhamike wapreferablygwith slabaylichloridf neat or in a suitable solvent such as
2-81FHLor%-4- | uor obenzenam ne (1300 g, 8.82 nol, 1.00 equiv, 999 in toluene
(1 ) ciqr O[IW)'/I benzenesul fonic acid (3.1 g, 17.84 mol, 99%, and
hexane- 2, 5-di one (1222.5 g, 10.62 nol, 1.20 equiv, 99% . The resulting
solution was heated to reflux for 1 hin an oil bath and cool ed. The pH

val ue of the Bolution was adjusted to 8zw th sodi um carbonat ¢ (1Rmol /L).

The resul tin§3@Q ni xture was washedOw th 1x5000 ni of water ango
concent r atygd de /product wag'glrified,
and the ffa C to afford— i
1- (2- chH®, ,‘(ﬁyl-ll—l— pyrrole (1705
Step B: Into a 5000-nL 4-necked r?und- bottom f | ask purgeqopgal\nd1 mai nt ai ned
with an imert WO 2011/ 025940PCT/US2010/ 046955 5at mosphd¥'e & ' nitrogen was
pl aced a sdPdtion of 1-(2-chloro-47# uorophenyl)- 2,5-di ne@h¥1- 1H pyrrol e
(390 g, 1.65 nol, 1.00 equiv, 95% ¢ etyahydrof uran (2000 nL) The
reaction vessel was cooled to -78 Cﬁﬁm above reaction vessel was added
n- BuLi (800 Suhemt 238dextibas, thesypthesidrod prisamatliabe 3. 1 whegn Xv &%, REQamd Ritas

and _net hyl .caybonochl gr.i da (215.5 g, .2.27 nol, 1.20 equiv,_ 99% dropw se
Wi ﬁr? st%SFPﬁﬂiff g andRiis %ﬁf{egel?dz W?‘P‘@Séﬁ@ﬂog%qmoéﬁﬁwd@@ ¥ brigeatgent r ed
for 60 i : Sri n . I {@Nyg: . af

N v g T B it A N e B i anor o
acet at ehasa echorsgfriletiding etvss inerenediatbil hid dyhivia sshedcted twithlacl Zhe HINRI *Riatcer
and 1x]eISOO gtl of sodiumchloride(aq), dried over anhydrous magnesi um

sul f at Om&% “‘toncentrated under vacuumto afford nethyl 2-chloro-3
-(2,5-dinethyl-1Hpyrrol -1 -y1)-6-fl uorobenzoate (crude, 566.7 g). 15Step
C. Into five 5000-nL 4-neck round-bottom fl asks was placed a sol ution of
met hyl 2-chl oro-3-(2,5-di methyR 1H pyrrol -1-y1)-6-fl uorBbenzoate (1500 g,
5.05 nol, 1.00 equiy, 95% in thgnoI/HZO ( 7500/ 2500 . NH20H HC1 (15520

g, 79.20 nmol, 15.00 equiv, §9% —and tri@%ﬁ/l am;jnfegs\gm g, 20.98 nol, 4.00
= i on WHRY uxe

~

6

istillation
Y
Yield: 85%.

nder vaguu rqionThe Ch

l\ﬁ9n was ted
xT | uor ophenyl) - 2, SNgj

equiv, 99% . The resultin W in an oil bath,
cool ed to roomtenperat ugg, no%ntraﬁog o extypact 8d i th 3x3000 i of
et hyl 20 acetate. The organjc |‘ayer ssaper e conbi ned, dri8d over anhydr ous
sodi um sul fate, and concent®ated under vacuum Th 10rNaahdue was purified
using a silica gel colum I4téting with PE EA (20:I-10"1) to afford nethyl
3- agi no- 2-chl or o- 6-f | uor obenzoate (980 g, yield: 95%3.1 Step D Into
four 5000-nL 4-neck round-bottom flasks was placed a sol ution of nethyl
3-am no- 2- chl or o- 6-f | uor obenzoat e (98§¢'gf;m94.2§16 mol, 1.00 equiv, 99% in

di chl or. Jr ] | ami ( 1454 R iV,
09%) vt aldaer dr o s fthigt SR TGt Supshitats ST oitidile 198,

t he adds is mactedl wittopanmide HBIR'fRNWia ehipting deitl 2 AARalge phdsphénit@l sals@d as
equi v, (Vg The rgsill ti ng sol ution s stirred at roomtenperature for 2
h, dil JtEBegetzelobslony-tes(dimstaylammnedphasphenivm| hoaflugeephaspinted (BPRLX000
m.ogf K CHL ki : . i ‘ ! u te,
2 Congggf}rﬁggleagat g&g}gt?ggg@n@#y}{s%ﬁ&pmmm%%J;aﬂlg%p%@s&\é?er POHOBN RUkA
302- chl28rle- 6- f | uor o- 3- (pr opyl sul f onani do) benzoate as a brown solid (1500 g,
97%) . Step EE Into a 10000-nL 4-§1§cked round-bottom fl ask was pl aced
a solution of nethyl 2-chloro-6-fluoro-3-(propyl sul fonam do)benzoate (1500
g, 4.61 nol, 1.00 equiv, 95% in tetrahydrofuran/H0 (3000/3000 nL) and
pot assi um hydr oxi de (1000 g, 17.68 nmol, 4.50 equiv, 99% . The resulting
solution was refluxed for 2 hours, cooled to roomtenperature and extracted

~r—- " 1 PN NSNS Y . . ——r o s




53.073-3.112 (m 2H); 6.811 (1H, s), 7.156-7.199 (d, J= 17.2 Hz, 1H),
7.827-7.863(d, J= 14.4 Hz, 1H); (ES, mlz): [M11l]1 296. Exanple F

10Benzyl weochiiane94B- f | uor o- 3- (propyl sul f onam do) benzoi @CaAISA010/046955 St ep A:
A fdame dried flask equipped with a stir bar and rubber septum was charged
Wi th 4-chloro-2-fluoroaniline (5.00 g, 34.35 mol ) and anhydrous THF (170
m.). This sol ution was chiéledﬁto -78C, and n- BuLi 614.57 m., 1.07 eq. of
2.5M sol ution in hexanes) Ot hen .added over a 15 ™.pote period. This
mxture was stirred at_n78Q for 26t PR%fes, and jghen/ a THF solution (25 15
m.) of 1, 2-bis(chl orodﬂ’ma, hWw si | yI')ethane (7. 7€g,| 05 eq.) was added
slowy (over a 10 m nl¥ iod) to the reactii ~fure. This was stirred
for 1 hour, and then 2. IM i BuLi in hexanes (15.41 nks 1.1 eq.) was added
slowy. After allow ng ?‘F m xture to warmto roomtenperature for one
hour, the mixture was chffled back to -78C. A thi?#2allotnent of n-BuLi
(15.66 n., 1.14 eq.) was added slovg ! the m xture was stirred at -78C
for 75 m nutes. Benzyl chl oroforth. 40 g, 1.2 eq.) was then added
sl oWy, andStHeendTiet UERTiBES aS gbidr&ld ntthod’ 3€ dedivatizifig AU amibde gfnpl bNghdat h
was then rempved. The m xture was allowed to warm for 30 nminutes and then
quencheorgpyAmjginederpvagverd. 1 axith & baseevich as seflipimhyddde, i p suitaple salyentrsechas
al | owe i mto roomtenperature. The m xture was then
ex%(?ac e%Mﬁ?ﬂfdﬁgﬁg%%extracts were washed twice wth a saturated
NaHCO3 sol utyGhy opce with water, grivted over sagdcummiesul f at @ 2N and
concentrat ed!. The Kesul MIRYST esi dud vyé%/(siuri fP¥d™ia silica gel dolum

chr omat ogr%phy/\'\_(_ 098t hyl acet at &y hé(y(_a'e) G pr oduce benﬂll v ¢

3- ami no- 6- chl o¥ oY 2- f | uor obenzoat e (4?(§Yg, 45% as an oil. 1HRVR ( DVS0O- d6,
400 MHz) 8 7.3847.48 (m 5H), 7.07 (B4, J= 8 Hz, 2 Hz, 1H), B387 (t, J= 8
Hz, 1H), 5.61 (hr s, 2H), 5.40 (s, 211). Step B: Benzyl

3- ani no- 6- chl or o- 2-fluorobenzoate (4.3 g, 15.37 nmol) was dissolved in 30
dry dichloronethane (270 nL) Triethylamne (5.36 nL, 2.5 eq.) was added,
and the m xtuxe was, ch4i Il'ed to OC. Propape-1 -sulfonyl chloride (3.63 ni,
32.3 mmol , 2. @o ;‘S\\f\%s then added vi@a syringe, and a precipitate resulted.
% conpl et §; “NheOm eongs all O\{}mgm&@ warmto room

Once the adtltin
t enperature, anftf thesstarti A Ze ¢8nsunmed_as deterri ned by TLC
(3:1 hexanerethyt—acetate). Theymixtufe wasitBen diluted with

di chl oronet hane (200 m.), vvasheé 35 with 2M aqueous HC1 (2 X 100 ni),
saturated NaHCO3 sol ution, dried ovéP4sodi umsul fate and concentrated. The
resulting residue was purified via silica gel colum chronatography (40%

et hyl acetate/hexane) to roduce benzyl 60 WO 2011/ 025940PCT/ US2010/ 046955
56- chl or o- 2- f | NORR- 30 opy! sul fonyl ) propyl sul f onam do) benzoate (5.5 g,
72% as an rod | _t hat ﬁ:ﬁ@\sq&j%i fied upon standing. 1H NWVR (CDC13, 400
MHz) 6 7.28- A A%V (W M), T 5.M20(s, 2H), 3.58-3.66 (m 2H), 3.43-3.52 (m
2H), 1.08 (t,RI="8YHz, 6Hp Step C. Benzyl

6- chl or o- 2-fl uor o- 3- @bk ( pr opyl sul f onyl ) propyl sul f onam do) benzoate (5.4 g,
10.98 mmol ) was dissolved in THF (100 m.) _and 1M aqueous KOH (100 ni) This
m xture 10 was refluxed for 16 houriche®g28hen allowed to cool to room
tenper at ur egcERg ﬁd&rsémﬁsmyhﬁﬁﬁ? BELAh B 53, GHBIDR| ROIRL R AW aguoqus
HC1 and extracted wth EtOAc”(2 x). The extracfts were washed with water,

dri ed By&; asddiawrnsddfinat demmd Aorstentf Boredild 35.4, whérenh RhW, Xwas and iZt are at ed

i h nes/ et her, t.0 gi ve 6-chl oro-2-fl uoyo-3-(propyl sul f m .do) benzoi c
nel (35 Heidinge ol 3n dorrdping AobSiric B 202 Gng bast
7. 49 (hoidid hy8rdikis édﬁhitioﬁs,%bﬁéiﬂen%c&vkﬁed % ohdd cliblide derdvhtide 26.3( 5% By,
1.68-1.78 (m 2H), 0.97 (t, J= 8 Hz, 3H). Exanple G C31\\ H2NNS N-(

- Ami notreatmenl Wity oxd phehigriJepandratedytic- BMI iorasel dhat, spaiTas BHE oang fugtherofeacted

254 AT Y TR gl € (R TR 04 BBk, TP

di phengiloghaoptio i dinpringd @ 5 (4%ah e iolatdd of Kitho®t i3olatidie flr@RE tdadtad Miithldnlaeniners
stirred at, roomtenperature for 3 hours and then warmed to 80 C for 2
hotlt s. IR & {agivecompeunds@fEarmyadSShe ni xture stirred at 80 C for 15
hours. The reaction m xture was diluted with 300 nL of Et0OAc, and the
organi c |l ayer was 25 washed with saturated ag. NaHCO3 sol ution and bri ne.
The sol vent was renoved under reduced pressure, and the residual purified
via silica gel colum chromatography %I6uti ng with 30/70 Et OAc/ hexane to
obtain 2.03 g (55% of the title conpound. 1H NVR (400 MHz, DMSO- d6) 6
9.32 (s, 1H), 6.90- 6.80 (m 1H), 6.51 (td, J = 8.7 Hz, 5.5 Hz, 1H), 5.28
(s, 2H), 3.05 -2.96 (m 2H), 1.82- 1.64 (m 2H), 1.01 -0.90 (m 3H). L Ms:
mz 251.1 [Mtl]. 30 Exanple H

5.



Cl 0,'P H2NNS N- ( 3- Am no-4-chl or o- 2-fl uor ophenyl ) pr opane- 1- sul fonam de The
conpound was nmade using the procedure described in Exanple G using WO
2011/ 0259%0RaT/028R2010/ 046955 PCT/US2010/046955

56- chl or o- 2- f | uor o- 3- (propyl syjf,onam do) benzoi caci di nst eadof 2, 6- di f | uor o- 3-
(propyl sul fonam do) benzoi c_aci/d as starti Wt%l aI 1H NMR (500 VHz,

DVMSO- d6) 6 9.54 (s, 1%@(&1%0 6/58£ 5.50 (s, 2H) 3.09 -
2.95 (t, 2H) B8l g 1w someH) 96N (tW3 OBC/MS mz 267.1 [ Mt1].
10Exanple | Q0 j—l}?)NN Cl X=Y hydrolysis

N- ( 3- Ami noH9~ cWI 6y 0- 9Rf bnseghomineny | )p ne- 1- sul f onam de The
conpound was neEde’ usi ng t h#etpr ocdlr e“ded¥ei b&&R i n Exanpl e G using

2-chl oro-6-f Isz.J ro- 3- (propyl sul f onam do) benzoi caci di nst eadof 2, 6-di f| uor o- 3-
15 (propyl sul 'ogarri do) benzoi c id as starting material. 1H NVR (400 MHz,
DVSO- d6) 6 9.20 (s, 1H), 7.28-6.992(m 1H), 6.63 (td, J= 8.7 Hz, 5.5 Hz,

1H), 5.45 (s, 2H), 3.07 --Z.9 2H), 1.88 - 1.69 (m 2H), 1.03- 0.95 (m
3H). LM m200601 [MH] . le J O\\ If H2 NNS 20

N- ( 3- am no- J Qﬁophe ?ﬁ)et hat¥&sul f onani de The conpound was
made using theypriocedure described in Exanple G using

2,6-di fl uoro-3-(ethyl sul fonam do) benzoic acid instead of 2,6-difl uoro-3-
(propyl sul f onanksho) benzoic acid as starting material. 1H NVR (400 MHz,
DVSO- d6) 6 9.37 (d, 25J= 9.6 Hz, 1H), 6.86 (ddd, J= 10.7 Hz, 9.1 Hz, 1.9
Hz, 1H), 6.52 (td, J= 8.7 Hz, 5.5¢@d, 1H), 5.28 (s, 2H), 3.03 (q, J= 7.3

Hz, 2H), 1.25 (td, Jx 7.3 Hz, &5 3H). LOMs: mz 2371[Mt1]
30N ( 3- Am no- 4- chl o} o- '2 f uoroph )&ﬁanesul f onam de he corrpound
was made using tt,:@ de et St e Exanpl e s']\'n 0,0
6- chl oro- 3- (et hyl sul f; ani do) 25f Ipuor'tbbenzm caci qi,l N-8g@o- 3-
WO 2011/ 02594 i / US2010/ 0469 ) | f onamido); 20|Hc gei dl as
starting rmb & OMgll NMR (500 phre, 0- d6 9.48 (s, 1H), 7 02 (dd, J=
8.8 Hz, 1.7 Hz, 6.59 (t, J= 8.3 ves, 2Hpes53.07 (g, J= 7.3
Hz, 2H), 1.24 -? J= 7.13 Hz, 3H). LO MG mrz 253.2 [Mrl]. Exanple L 0,"ip
Nl/*rlu o R3
HN/LVY\" z w)k cl R! 0.0 deprotect
XY H,N NS Ré
rz M R®
MeO OMe 26.4 1
1.6 N/%N OR 0.0
A z\v/lk ¥,
HNT W57 N N"R
x=y H g H
5 26.6
Scheme 26

Scheme 26 shows a general procedure for obtaining compound 26.6, wherein R', R?, R,

R4, W, X, Y and Z are defined herein. Ester 26.1 is converted to a dimethoxybenzyl-protected
aminopyrimidine 26.2 via coupling with a suitable phosphonium salt such as

10 1H-benzotriazol-1-yloxy-tris(dimethylamino)phosphonium hexafluorophosphate (“BOP”) or
1H-benzotriazol-1-yloxytris(pyrrolidino)phosphonium hexafluorophosphate (“PyBOP™).
Alternatively, compound 26.2 can be prepared via intermediate chloride 25.1, prepared from 26.1

with a chlorinating reagent such as thionyl chloride or phosphorus oxychloride. Hydrolysis of

ester 26.2 under aqueous basic conditions to carboxylic acid 26.3 and amide bond coupling with

15  aniline 1.6 with a peptide coupling reagent such as

2-(1H-7-Azabenzotriazol-1-yl)--1,1,3,3-tetramethyl uronium hexafluorophosphate
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H2NNS. 10CI N-(3 - Am no- 2-chl oro-4-f1l uorophenyl ) et hanesul f onam de

2- Chl or 0- 6-fl uor o- 3- (et hyl sul f onam do) benzoic acid (3.3 g, 12.0 nmol) was
treat ed wohotinizemayl chloride (21.0 nL, 0.29 nmmol) and Rkreatusdoiat4eves | ux for
15 hour, r-eact | irXd-Ur e S ¢ : d > hJae rop Wit h
t ol geng%}éa-ﬁeﬁl %ﬁ%).?ﬁlﬁgrpg}sli duaglawagptﬁglg%%{é \;F\c)dlt\lflwg qg%ﬁ%?ggn orfaf} sodium
azi de haxdflugroph8sithatenfHBTAI™Y golew athidendesivhitive 2€20. Ailfermatidelgc@ingpuand 26.5mah
After stifling at.roomtenperature for 1 hour, the |nternedjate. acyl azide
was ex P REBEF Vg Jiemgiaigiad ghleﬂg% 23-42@%?4 figpy 1S B DR arfg‘ walingteagriat e
and conganid il cidRal 65 bANPRIRS Kb aRGHYE dnd BubleqieHi Boldthedn ARflinpater (5
m.) and heated to reflux for 3 hours. After cooling to roomtenperature,

t he pr d¥puiteatims ektthacdiewthoxybergiyk Hroup metlbarmeidi@ condifions,) fordekaupled with
magpesi um 20 sul fate and concentrated. The residue purified by flash
si? catrétg'}lor%ﬁﬁﬁﬁﬁ‘flgélpg?@ﬁf’?Pé?iﬂ/éeis§85‘rp8b%q%cﬂf%isoﬁnﬁ]?c?%?6§r onet hane) to afford
N- ( 3- am no- 2-chl or o- 4-fl uor ophenyl ) et hanesul fonam de. (2.0 g, 66% . 1H NWR
(400 MHz, DVMSO-d6) 6 9.15 (s, 1H), 7.02 (dd, J= 10.7 Hz, 8.8 Hz, 1H), 6.64
(dd, J= 8.8 Hz, 5.1 Hz, 1H), 5.45 (s, 2H), 3.06 (q, JrR®7.3 Hz, 2H), 0.96
(t, J=7.3 Hz, 3H). LC M gaiz 253.0 [M+1]. 25 Exgapla M 0 :\S N\\7 H Cl
N- (3 - Anmi no- 2- chl 96t 4- £l ugr opheny1) - 1- cycl opr opy! =@ eSul fonam de Step
A To a sol wN 20f net 3y ag ng; 2- chl OrO_G-flﬁﬁ‘Fﬁ\é (2.97 g, 14 6
mol) in BQNTHW:%G‘; ) 3 riﬁ/ﬁyLam,neH(\jééi‘b , 43, 8HMO ) at 0 C was
added cycl oprppyWiret h&plsullf oY1 ‘tehl ori de %ZE\W : R6 mol ) dropwi se. The
reacti on mixtare was stirr& at 0 C for 9@ m'hytes, after which 8N NaOH
(18.2 L, 140 mmol) was added. The reaction mXture was then warned up at
40 C and stirpeqd for 16 hougg. The volatiles were,ygnoved in vacuo and the
m xture acidified with concentrated HClL at 0 Cto pH 1. The acidified 35

m xture was extracted with ethyl acetate twice. The organi c phases were
conmbi ned, dried with W) 2011/ 025940PCT/ US2010/ 046955
5sodi unsul f at e,[fi | t eredandconcent r at edj nvacuot oobt ai ncr ude
2- chl or o- 3- (cydl opr opy! net hyl &

| f onam do) - 6-f| uor obenzoi c_actd, which was

used directly ijn the next wi t hout | further purificatRag Step B
To a sol utrieesie qf 2- chl or o- 3- &hrapyl met hyl sul f onani do) | usg gtfenzoi c
acid (4.1P0gk 13 4 L) i DA oxanpNHRORTL) was<gddest nyRani ne
(2.05 m, —t4>7 |mol :, 'go f ol | gwedd by’ d ph?ﬁy*l’phosﬁor&c idg (B 12 ni,
14.0 ol §Y'dPerjoom at@e. The repction v%§ wregd a® room

t

tenperature for %\Mour‘i—;‘and the resul tjng mi xtur¥ adged dropw se, via an
addi tion funnel 4 over 15 minutes in a found-bottdH flask containi ng

1, 4- di oxane (16_AL) and er (1.20 nl} 66.8 mol) at %%c The reaction
m xture was stirred at thi's tenperature for 16 hours. I of the reaction
m xture was concentrated in vacuo, ¢ligmed¥e rest of the solution was 15
diluted with ethyl acetate and a saturated solution of NaHCO3. The | ayers
ver e separ aBelneawf daseribasanother aleymtive ruutaistasdde dirtatives 5. ihere Re& AR,

The- organ,o Hph re.conbined,.dried with sodiumsulf ,. filtered .and
contentyat edCi R g Aancd U BFistb e ied BariFlabidgy 21 fruph combSing?
chr omabpPsrapiy22.0, vt &filine 1.6 can be accomplished in a suitable solvent, such as chloroform, at

N- (3-am no- 2-chl oro-4-fl uorophenyl) - 1-cycl opr opyl met hanesul f onam de_(2. 05
g, 559gmbipnt or elevated temperature, with or without an added base, such as triethylamine or pyridine.

The pyrimidone intermediate 27.2 is reacted with POCI; and triazole in pyridine to afford triazole
adduct 27.3, which can be isolated or carried on in one pot to the amide derivative 25.5 by
20 treatment with excess amine NHR!°R'! in the original reaction mixture, or, after evaporation, in

another solvent such as dioxane or isopropanol.
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20 NVR (500 MHz, DMSO- d6) 6 9.07 (s, 1H), 7.01 (dd, J= 10.7 Hz, 8.9 Hz,
1H), 6.66 (dd, J= 8.8 Hz, 5.1 Hz, 1H), 5.43 (s, 2H), 3.04 (d, J= 7.1 Hz,
2H), 1. 12we2011925¢4m 1H), 0.59 - 0.52 (m 2H), 0.36 - 0P8O/USE10DKHIS5 N Z
(ES-M5) Mrl = 279.2. Exanplg N 25C1 N-(3
- Am no- 2-chl oro-4-f| uorﬁphenyl) - 2- met hyl propane-1 -sul f onam de Step
A. To a solution of net amo- 2- chl or o- 6-fl uor obenzoate (2.97 g, 14 6
mmol) in THF (20 nL) and ﬁ h,ﬁ\api ne (6.10 nL, 43.8 ymol) at 0 C was
added 2-net hyl propane-"4" - siyl f¥gy R chioride (4.80 g,
The reactiang mygure was 3® strxped at 0 Clor 99
aqueous MaOH, (18l 2 gi, 140 %l ){ was addey. ‘the Jfea 1%
up at 40 }\;w’n, stPrred for 16 hours. RThe ))eW@t‘] e @ﬁ"re”ﬂ@ea iH
vacuo afll the=Wixture acidified with coftent xa¥ed HCIR’at “\Q_&to pH 1. The
acidified mxture was ext AMesed W th ethyl acetate tw ce. @ organic
phases were ®dnmbi ned, dried with sodium sul fate, f'&z”er ed arfd w®oncentrat ed
in vacuo to obtain crude )
352-chl oro- 6-fl uoro- 3- (2- net hyl propyl sul f onam do) benzoi ¢ acid, which was
used directly in the next step without further purification. Step B: N (3
- Am no- 2- chl or o- 4-f Luorppheny1l) - 2- net hyl pr opane- 1- sul fonan;i dg was 64 WO
2011/ 025940RP&dy US2ZD 95% 5 prepared according tg the | grocedure
for Exanpl M (‘Zs\i[{d;b\ B bsd i t ut i ndpeprotection \ i
Praorp- 3 2-

0.6 nmol ) dropw se.
es,oafter which 8N
xture was, war med

N
. Y4 2S.
2- chl or gs16- A t Myl B?opyl sutfomami d )be)hwl acNd fror N 1°R*
2-chl or$3§:§1pym%pr opy|Ret hyl syl f onam do)-6-f§uo‘d‘f obdg20i ¢ acRd. MR R (500
— 11
MHz, DVBOJEY 8 9.14 (s, 1H),2 (dd, J= 10.7 H!' 8.9 kg, 1H), 6.64 (dd,
J= 8.8 Hz, 5.1 Hz284H), 5.44 Y%, RH), 2.96 (d, J= 6.4 Hz, 2H), 2.20-2.10

(m 111), 1.01 (d, J= 6.7 Hz, 6H); nmz (ES-M5) M+l = 10281.2. Exanple O

N- (3 - Am no- 2, 5-di fl uorophenyl ) propane-1 - sul fonam de 15To a sol ution of
2, 5-di fl uorobenzene- 1, 3-di am ne (2. @héme 38. 9 Mol ) (described in E P. Pat.
Appl . Publication No. 0,415,595) in THF (40 nlL) and pyridine (1.571 ni,

19. 43 nmol ) mg Jdetssythsp anethar geagral ypthoddhr synthrsizing gerpaunds 23 56whersis )

at 0 CptT B HONYMXt ! .50, C-for i .

i chl or S hane and S0 23 8] ddHiEl nBheirk nfiidion 88 offcBia Byt or

| ayiér s KvemelasZphneitleehitine 1 bhesiag standmsd [Végiarebwns daionr @atgidns, \siffloedswhé hmide

di chl or pnet hane, The organic l.ayers ygfe conbined, dried with sodium
sul f at é{,%r‘?'f‘tl“feg?%e]d Zﬁwat%ﬁwgtﬁ@flé%@ NHR L s £ pranciialda bl w1 ygab such as

r e- SUbgib g of ' it ' -
stirred at 55 %0 or %Oé%g%rv Esu,%égéﬁh e%tﬁf;?@%%des? g‘?gn%%egg'gé?gﬁglﬁdgg%sﬁgﬁ g(%llugln of
NaHCC3 catslyst,tshieln asittigdibentidencagoetame wispellabiway atigahdamatht dseXanphes umd alyase,

extracted twce.with ethyl acetate. The organic |ayers were conbined, dried
with sodtun®s GFF4Pesar ?If#%r@&glé‘ﬁﬂgmmf tbquL Bcho. v etOZgEE&lr‘tﬁ@ethe

pr aguctiraveformbtidd frefh 18/1 kd agh. chiiedRkROAGRYctid, afihedfluoroacetic acid (if R" =

N- (3-am no-2, 5-di fl uor ophenyl ) propane- 1-sul fonam de (485 ng, 14% . 1H NWR
(400 M@MeprBdi6)and loydspzepsor anMponigm3thrmag. @BR{ m HRHyiyvestakgst compaifds &, 12
- 2'99213(01?}3 %L—QS,S 1.77-1.66 (m 2H), 0.96 (t, J= 7.3 Hz, 3H; mz (ES-M5) Ml
= 251. 2°"3UB&mle P 0 \s/\/ NO
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N ( 3- Am no- 2, 4-di f | uor opheny1l) - 2- net hyl pr opane- 1- sul fonam de Step A

2,6-Di fl uoro-3-(2-nethyl propyl sul fonam do) benzoic acid was prepared WO
2011/ 0259%0RCTI/028R2010/ 046955 5 accordi ng to the general pprasednnesIsdr
Exanple N (step A), substitutipg nethyl 3-am no-2,6-difluorobenzoate for

met hyl 3-am no-2-chl oro- 6-f,| ugr obenzoat e. Step B:

N- ( 3- Ami no- 2, 4-di f| uor ophehy - mgf hyl propane- 1 -sul fonam de was prepared
according to the general prg redor Exanple M (step B), substituting

2, 6-di fl uoro-3-(2-net hyl pefpylySu N%na‘fn do) benzoic acid for 10R3

2- chl or o- 3- (cycl opr opyl et hyl ga&l f'an do) 6- f |l uor obenzoi craci 4,

MHz, DMVB 36(5 1H), 6.86 ( 9.8 Hz NG.-
5.32 (s, MR J= 6. 416z, 2;-'21 2. 10'/@ .
Hz, 61]@19 ) I\/H—265—2—E*acncm—e»Q R

N-(3-Am nc%z K- Efl fI uor opheny é&l cycl opropyl net hg{mesﬁl’}/onam d% Step
A: 3-(Cyclopropgyl net hyl sul fo ﬁiéo) 2,6-di fl uorobenzoic acid was ptepared
according to the general procedure for Exanpl e M (step A) 28€ubstitut¥ngR"
nmet hyl 3-am no-2, 6-di fl uorobenzoate for, methyl

3-am no- 2-chl or o- 6-f| uor obenzoat e. ep B:

N- ( 3- Am no-2, 4-di f| uor ophe -1@
accordi ng P‘Bmf’tﬁ%m@eneral o oced le M (step B), substituting

3- (cycl opropytnetthytsul fon}m\, - I 6d=b‘en20| c acid for

2-chl oro-3-(cyct opr opyIRmsN hyl% for\'bm RAO) 6251 uor obenzoic acid. 1H NMR (400
MHz, DMSQd6) 9.37 (s, 1|—|R"684(t J= 9.8 Hz, 1H), 6.57-6.50 (m 1H),
5.30 (s, 2H), 3.01 (d, J=7.1 Hz, 234), 251.11 -0.98 (m 1H), 0.59 - 0.51
(m 211), 0.35 - 0.27 (m 211); rn/z (ES-M5) Ml = 263.2. Exanmple R C

N- (3 - Am no-5-chl oro-2-fl uoro_phen_yl)propane-1 -sul fonam de Step A. To a
sol ution of nethyl 5-chloro-2-fluor te (16.0 g, 84.8 nmol ) in

sul furic 30 acid (100 nL) at O Cwa'gs)—cki-%%g%fum ng nitric acid (4.98 nL, 119
mol ) . The Belantd 2Ndescrbesr anovees goidralrmethed faragmhedning caipbends@s.3 wiRis

pour ed i I3 t ndthe resulting precipitate was filtered. The
obt ai nBt |Rr dﬁmﬁ@ §Yy £ ¥ @8d gyare jaa detingst hsiein o gyaigagon of aF extsrdnisapedjate of
5- ¢ll o r t %

71 ol oy 2y L 1 e RS G ety iflaich Ehdionft, SHAE wR e
2011/ OQ@WP@BQS@D&B/I@4@%@U&ﬂ?QieﬁrW@ using oiflotGacRtig acid X Rivel OMe) or

amoni | 5.43 £ethanol . (100 nL) and er

The reg@q: c}’rﬁdgﬁfiﬁ ar %ﬁgl Biuny %é’a‘aﬁt( g Cﬂg dp 8y ﬁgg?tscorr{pﬁgﬁds\é}%gﬁoga&l@§5 oom
tenperature. The m xture was diluted with ethyl acetate and a saturated
solution of NaHCO3, and the |ayers were separated. The aqueous | ayer was
extracted twce with ethyl ®#®Setate. The organic |ayers were conbi ned, dried
with sodiumsulfate, filglered and concentrated in vacuo. The crude 10
productwaspuri fi edbyfl ashc at dYr aphyt oaf f or diret hyl
3-am no-5-chl oro-2-fl u%ﬁ SQZO% %%3 7 g, 63%.

R3
R1
1) NHR™R™, A N W)C)L ('s?
- \ =Y
N 1 R
2) Deprotection R0 )\ W gz H o)
R11
255
15 Scheme 30

Scheme 30 describes another general method for synthesizing compounds 25.5, wherein
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Step C. To a solution of nethyl 3-am no-5-chloro-2-fluorobenzoate (2.7097
g, 13 3 mol) in THF (25 nL) and triethylamne (5.54 nL, 39 8 nmol) at 0 C
was addedwpropzmed4d - sul fonyl chloride (3.12 nL, 27.8 mmrolr)usdeiofpwéose. The

reacd i opl max s St iy red far es [
e R RS K R % BB gl P Eas o
war med 3pl asnthzamlmealnﬁl, wingrstadafdoW eibehaidation! &ﬁldmir@; aff@8s merammieedmmdw n

vacuo, 5] ﬁ;he m xture was then.,acidified with concentrated HCl1 at 0 Cto
pH 1. Tﬁ(g alTegiopgnd yithiapagree NER &t (e @aMnegipnn aspjablesobyent. sughgscioxanp er
organi C1sl)1§’f)5ﬁ£r§)1 Vﬁref‘evﬁ@mérﬂgé}atupers'aﬁg 5\%523@u§1ﬁ) e piBteibh Alshirg diffubfabdicalh (it
concentrated In vacuo to obtain crude

5- chl orB* 2-0MapoeroRBC (and hyggttogerh bomamiodmybfmmaiedifR d H)whivedhtavgas carspalinids of he

next. st it t further purification. Step D
N- ?120 Anf‘ﬁﬂlvg%agi 'or o- 2- f | uor ophenyl ) pr opane- 1- sul f onam de was prepared

according to the general procedure for Exanple M (step B), substituting
5-chl oro- 2-fl uoro- 3- (propyl sul fonam do) benzoi ¢ acid for 25
2-chl oro- 3-(cycl opr opylﬁ'et hyI sul f onam do) - 6-f | uor obenzoi c acig3 1H NVR (400

MHz, DMBQd6) 15 9. 58 6.59 (dd, J=7.1 Hz, 2.6 Hz, gH), 16.53 (dd, J=
5.9 Hz, 2 6/Hm 2H) 3—|y]dﬂogeﬁlat|66 (m /ZH}) 1078 65Q(m 2H),
0.97 (t, r%)/l/@\ sgtg

N ( 3- Am )ﬁtw‘nl’ rop-f uor"béh‘%n yl) 2- et hyl prop sul on @E ep A
Benzyl hI orx=2-f | uor®> 3R(N- (i sobutyl-sul fonyl)-2- KE hyl - pr pyI

ul fonam de) benzoate was prepared according to the general 34Rf ocedure for
Exanple F (step B),31substituting 2-nethyl propane- 1 -sul fonyl chloride for

propane-1 -sul fonyl chloride. 35 Ste
6- Chl or 0- 2- f | uor o- 3- ( 2- net hyl pr opyl §§Eﬂ&9ﬂn do) benzoi c acid was prepared
according t o5dnfe33NRERS a BERCAMN Rod RE sﬁﬁﬁé@iﬁg gongﬁc}uﬁﬁs 592 SHRSLL IR RORS,

benzyl
6- clidl orR) VX u6rand 3-apd\ay desmbd hydesu | Trantrdnsf@nrasbh yhrmpbomebsmipliflad dyi sdbjebigny oat

gef g[n J nz‘é W?%‘F@D @2? ﬁ&’@é Zylﬁgpg” 5 32/191)18%%5553?%%%9 dendad nbyslsegenation
Step C:coNditRndTbiSaft ﬂé‘h&ﬁ?h?dr&ééﬁ%ﬁ%%!&thr flﬁ%téa}ime mezm SW&H &&ﬂ%msﬂe

was prepared according to the general procedure for step
substituting 6-chl oro-2-fluoro-3-(2- nethylpropylsulfonanldo)ben20|c acid
for 2-chl oro-3-(cycl opropyl net hyl sul f onam do) - 6-fl uor obenzoi ¢ acid. 1H NWR
(400 MHz, DMSO- 10d6) 6 9.50 (s, 1H), 7.02 (dd,J= 8.8, 1.8 Hz, 1H), 6.62 -
6.54 (m 111), 5.45 (s, 2H), 2.97 (d, J= 6.4 Hz, 2H), 2.21-2.10 (m 1H,
1.01 (d, J=6.7 Hz, 6H); mz (ES-M5) Mtl = 281.2. Exanple T Cl 15N-(3

- Am no- 2-chl oro-5 -fl uorophenyl)propane-1 -sul fonam de Step A: To a
sol ution of 2-chloro-5-fluorobenzene-1,3-diamne (1.01 g, 6.29 mml; 70%
purity) (described in U S. Pat. Publication No. 2006/ 0258888) in

di chl oronet hane (30 nL) and triethylamne (1.93 nL, 13.8 mvol) was added
propane-|-sul fonyl chloride (1.41 n., 12.6 nmol) at 0 C. The reaction

m xture was stirred at roomtenperature for 1 hour. An aqueous 20 saturated
solution of NaHCO3 and ethyl acetate were added, and the |ayers were
separated. The aqueous | ayer was extracted twice with ethyl acetate. The
organi ¢ phases were conbined, dried with sodiumsulfate, filtered and
concentrated in vacuo. The crude m xture was di ssolved in tetrahydrofuran
(15 nL) and nethanol (5 nmL), and 1.0 M of sodium hydroxide in water (6.3
m.) was added. The reaction m xture was stirred at roomtenperature for 30
m nutes. An aqueous 25 saturated solution of NaHCO3 and et hyl acetate were
added, and the layers were separated. The aqueous |ayer was extracted tw ce
with ethyl acetate. The organic | ayers were conbined, dried with sodi um
sulfate, filtered and concentrated in vacuo. The crude product was purified
by flash chronmat ography to afford N-(3 -am no-2-chloro-5
-fluorophenyl ) propane-1 -sul fonam de (0.17 g, 7%9. mz (ES-M5) M+1 = 281. 2.
30 Exanple U
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N- (3 - Am no- 2, 4-di chl or ophenyl ) propane-1 -sul fonam de Step A
2,6-Dichloro-3-nitrobenzoic acid (2.13 g, 9.03 mol) was dissolved in 2:1
68 WO 201 0/202524QFPCT/ US2010/ 046955 5 THF: sat ur at ed aquecudshiHd@isahd
cooled to 0 C. The m xture was kgeated with zinc (11.8 g, 181 mmol) and
then allowed to warmto anbignt tenperature and stirred for 24 hours. The
reaction mxture was filtere ugg GF/ F paper while rinsing with THF.
The m xture was~ai diFied t ofsl,using 1.0 M HC1 and extracted w th
15@62-propanolwﬂi, | ergriet hahe %% NﬂiRThe extracts were washed with water
and bri ne, dr&éa“bg r sodi um sul’f ateyangd concentrated to afford 10

3- ami no- 2, 6-di chl 8robenzoi ¢ acid£(1.¢ g, 6.82 mol, 75.5%vyield). M5
(APCI-neg) mz =283 6 (MH) Step B .3- Ani no- 2, 6- di chl or obenzoi ¢ aci d
(1.40 g, 6.82 mmol) was dissolved in dry dichl oromethane (66.7 mn).

Triethyl anmine (4.09 nL, 29 4 nfi¥f3“was added, and the mixture was chilled
to O C Propane-1 -sulfonyl chloride (2.48 nL, 22 nmol) was then added
using a syringe. 15 Wien th®® addition was conplete, thgsmixture was al | owed
to warmto anbien e e d stirred for 1 hogr. J[The m xture was

_ — ha .
concentrated in vwacyo gnd qg wth dletn§$N§£gtr. M xture was

washed with 0.25) , 807 &pﬁﬂ thd aqu ug-l-ayf driked to a pH of
1 using 1.0 M I§€1. he aquelus er Was ex rQ&;’d i t Rz 13%
2- propanol : di chl oronet hane (2 x nm.) The organic Iayerﬁﬁﬁ::Egllected,
dried over sodium sul fak®e] and comceRtrated to affgpgd 20 -

2, 6-di chl oro- 3- (propyl sul f onam do) benzoi ¢~acid (1.55 g, 4.96 nmol, 74.4%
yield). 1HNWR (400 MHz, DWVMSO- d6) -9.75 (§é|*ﬂ- 7.84-7.80 (d, IH,
7.71-7.68 (d, IH), 3.82-3.72 (m 1.89-1. 709 %H) . 1.05-1.03 (m 3H).
Step C. To a solution of 2,6-dichloro-3-(propyl sul fongm do) benzoic acid
(2.788 g, 8.93 mol in THF (40 nL) was added triethylaninf (2.863 nL, 20.5
mol ) and 25 di phenyl phosphoni c azide (2.282 nm, 10.2 ). The reaction
m xture was stirred for 6 hours at roomtenperatyre.o (&L, 400 mmol)
was added, and the reaction m xture was heat updepl r d&egnight.

Ethyl acetate (300 nL) was added, followed py/washl nghwi th Haj Grated
aqueous NaHCO3 sol ution and brine. The sol vént w&3' removBd under reduced
pressure and the crude product purified via silica ggf flash chromatography
usinhg ethyl acetate/ hexane (1:1) as 30 eluant to yield 834 ng (33 % of

N- ( 3-am no- 2, 4- di chl or ophenyl ) pr opa$ehenile 32s5ul f onam de. NVR (500 VHz, DVSO-

REET S AT e MO LY NI
7.4 Hz R23pd) RS NB, KMy bhd W #e 28defined IeFeraam] RS Vs dRer gﬁqyg“Amv\%ﬁtion of an ester

0 2,6-L]?Iuoro-3-%3-fluoropropylsulfonanldo)ben20|c aci
2011/ 028oaBHER vEPonravle 2595 3vidsampne\1.G\sing | standard Weinreb amidation conditions,

2, 6ndif ro- 3- (N (3=f lLuar,gpr.opyl sul fo - 3- 1 uar.opr.opyl sul f o 3,d0) -

b of0 O it neall bealaNERRH A BpL M Lt O CRIEBIOREL (AT, T
Exanpl €oBiposiad® P8 T, caf Wesfuithéi! tkadgfoBmbd U9 HOMIMEP YA SEheMeOPY br 64H B tral@féraded to
propane- 1 -sulfo%¥hnchlor|de. 1H NVMR (400 MHz, DVMBSO-d6) 8 8.05-7.99 (m

1H), 7compeyndspf ula@Z. 1 ¢witlpRyy’ = lpvew aflyy]) thrgughdregngnd with-gn orgamyngaliia (m
4H), 2.26-2. 4 0 ; . . . . .

2. 6 v Tha 4ot 3 f T ThERsBim bromida, phah ppsnesim iomice, ety =in
accor dinigethpl bosxgenetriathyprineedns,e methyfxaoic eadid, sthys thorotic ngidrepbdbsium
Z,E-dif[ or o- 3 -@Fﬂ&g -fluoropropyl sulfonyl)-3 -fl uorqpropyl

sul? on F#‘H’(S?IB@HX QFake, 0g Itetmqt]lwltm, in the presence of a suitable palladium catalyst, such as

2, 6-di M Qi 3 am.do),b oa 500
T e e s P T Sl
1H), 3caBomt@82(IngandedeprbiettedIisingafifl jompa@iy acill. (FR"(sOMe}ldy PA. 8id hiytlrogdhl) .
MG 2 01r2 a?rgr'n]én{lm }Jnhagfﬁ’ﬁ” £ H\{Yto orn9 \cc\)mll)(l)?m'}s %F Formula 32.2.
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206- Chl oro-2-fluoro-3 -(3 -fluoropropyl sulfonam do)benzoic acid
Step A Into a 5000-nmL 4-necked round-bottom fl ask was placed a sol ution of
benzyl 3-woizno/@s5%hl or o- 2-fl uorobenzoate (200 g, 714. 29 pomaiS2010/00®58qui V)

i n di chl oronmet hane (2000 and triethylamne (216 g, 2.14 nol, 3.00
equiv) followed by the addition of a solution of 3-fluoropropang- 1

-sul fonyl chl or4 (227 1 .42 mol, 2 equi v) in dichloro ne (300
m.) 25 dropw s th sti g_at abg}n‘. Ny er BEFIR . Af R MNR) Ng at

room t enper 8Nur g f Y023 h@urs the resul ng m xture was washed|wi th 500 niL
of 5N HC1 and 2>5%00 mL oPtB®f er. The organic |ayer was dried ovVer anhydr ous
sodi um sul fate ?3”:0' conceRt taait ed under&;& umto afford 360 g>4 ;Ir%}

benzyl

6- chl oro-2-fluoro-3-(3-fluoro-N-(3-fl uoropropyl sul f onyl )propyl suI f onam do) b
enzoat easa 30brown oil . Step B: A3%olution of benzyl 33.

6-chl oro-2-fluoro-3-(3-fluoro-N(3- quoropropyI

sul f onyl ) pr opyl sul f onagi enzoat eo(s 60 g, 6% \rATgD 1. 00 equiv, 95%
in tetrahydrofngsan (1800 and KOH(RM 1680 tg’ stirred at 50 C for

12 hour. The resttti ng.Ni Xfure,was cogl €d an#¥oncerlTdt'ed under vacuumto
remove nost of THF. The r |dual sol'Uti on was vvas{lped 35 with 3x500 nL of
Et 0Ac. The aqueous | ayen s,adjusted to pH 2- th HCL (6M. The
resulting solution was € il ted with 4x500 m%rs'@{lhyl acetate. The

conbi ned organic |ayers dried over anhydro od| um sul fate and
concentrated under vacuumto afford 190 g (89% gfs WO

2018 025940PCT/ US2010/ 046985 5

6-chl oro- 2-f | uoro- 3-(3-fl uor opropyl sy¢hégeag1 do) benzoi ¢ aci d. NVR (400 MHz,
DMSO-d6) 6 9.65 (br s, 1H), 7.03 (m 1H), 6.58 (m 1H), 4.59 (m 1H), 4.47
(m 1H), 3.1%cheme 38) deseribes othe2 g¢meral2byntheds nifz iBemetljates Hf1 Fpvadlp. 33.5.
Exanpl

T or ot S ot PONAR R B G0 BB S dapdiisormppyigiape sp Pcatalyst

3- neckeghichas PACBOVEONYS, 185 kuindk sxa)lva&aﬂlxaus Odubh b Ace@dnitid/AMekhylamine (5:1), are
3-am no- 2-chl or.o-6-fl uorobenzoate (50 g, 243. 84 mol, 1.00 equi v, 99% in

di il or'saEehihéormsthe toggpepylsileng dﬁnev@tlw 38Re %@hmlo@ rfor)ﬁxatmpletuﬁylgafiﬁ% i 75

g, 726. ?ﬂg@q dr, g.at; O was
added adalg% utlect)lﬁlﬁlg fllduo o%?fg%dasnégéi%sgﬁf%gndk}l Ol’lg 3?‘35 6§eaé|2§)£4%§1
nol ,  In-BhlosguécininB@Y NS Yi inhl wiitabletsbbogt, éﬂ&(hsrﬂlHF Qi oginghs ehl(\jrﬂhbte& tprdducng

at -15 After. stirring overni ht at roomtenperature the resul ting

Sol Ut i ot el is HRPrPRHOBTRS O ORI gB bt avaR scactipm Walh AR SR oRder
of wat eg*qie 5x500 L of 4N HCLl. The 20 organic |ayer was washed with 2x500
mL of br| ne, dried over anhydrous sodium sul fate and concentrated under
vacldlum to give 90 g crude m xture as a yellow oil which was used in the
next step. Step B: Into a 1000-nL round-bottom fl ask were placed
tetrahydrofuran (250 ni) Rhd a sol ution of pot assi um hydroxi de (60 g, 1.05
nol, 3.00 equiv, 98% Rlaomat er (250 nL) The 25 resulting sol uR on was
refluxed for 1 hour in @ |I0bat h, cooled to roomtenperarlirelwith a

wat er/i ce bath, ~eQncemT atednfder vacuum diluted with 100 apP, and
washed with 3xlr3§\0 ‘ el hylH acet at e. TH&oddieous | Y /§q?4to
about pH 1 wit 2 QD|I|/ L). The resulting solutign xtracted with
5%x200 ni of eRhyl ‘5(aa(et e combi ned organic |ayeLs, @elihed with

1x500 nL of brine, dri ?‘g‘ anhydr ous sodi um suIFR5ate\‘ concentrated 30
under vacuum The resid washed wi th 1x200 nL of hexane and dried to
afford 60 g (78% two steps) of

2-chl oro- 6-f | uor o- 3- (341 uor opr opyl sul f onani do) benzoi ¢ aci d 34RVR (400 MHz,
MeOH-d4) 6 7.63 (m 1H), 7.19 (m 1H)§41§]fmll—l) 4.44 (m 1H), 321(m
2H), 2.25-2.12 (m 2H). Ms mz 312.1, A ™M 1]. 35Exanple Y WO

2011/ 025 940 FEChetdS3a 34010 e dendtal @mﬁ&g‘isnﬁcamﬁoﬁids lof Goapliady ) R3 is ethynyl.

-fl uor ane é -sul fon m@ik Into a 3000-nL 4-necked round-hottom
flask ’ﬁﬂpéfl§ aneap@gchpgl we 341 is treated with a fluoride reagent, such as

2, 6odi f ki I
o eqthf.*%‘*“@ﬂ P e BN LPRam b AGBER: Sk FEE pgaffora U
3 00 ecpJDd/l)ctsamf&dﬁBBhMZDS 5 g, 10 758.18 mml, 1.50 equiv). The resulting
solution was stirred at 6 C for 2 hours followed by the addition of water
(364 nL, 40.00 equiv). The resulting s gutlon was stirred at 80 Cin an oil
bath for 1.5 hours, diluted with 3 L H20, and extracted wth 3x1 L of

et hyl acetate. The conbi ned organic Iayers were washed with 3x1 L of H20,
dried over anhydrous sodiumsulfate and concentrated under vacuum The
resi due was appl | ed onto a silica gel colum eluted W|th et hyl 15

Y T I 7 A NN\ v Y T e -— 4 e~ A



20Example Z G qv,P N H2N N-(3 - Am no-4-chl oro-2-f | uorophenyl) -3
-fluoropropane-1-sul fonam de Into a 3000-nlL 3-necked round-bottom fl ask
was pl acewloaosal2sd4bon of 25 PCT/US2010/046955

6- chl oro- 2-fl uor o- 3- (3-fl uor opropyl sul f onam do) benzoic acid (190 g, 574.84
mmol, 1.00 equiv, 95% in N, N-dinethylformam de (1500 nlL) and triethyl am ne
(184 g, 1.82 nol, 3300 equiv) foll owed by the addi tipgn of

di phenyl phosphogyl

azi de ("DPPAY) 4250 g, 909.09g 1.50 equiv) dropw se
with stirring at omep 10 m@:(Ath t stirred at for,,2 hours, to the
reaction s agdeg: wat 87 0500 nl) The res /§q§4ut| on was
stirred a?ng | bath—#e%—aﬁ>30 addi ti onal 2 hour cool ed and
di luted wh Zp/% Pheator gani cHeyeF Was wast vvi th 4x1000 ni
of briné! drx@ﬂ over an 5 E%8i um sulf at exa@hd concent at'sgd. under

vacuum The residyge, was appl | ed onto a silica gel golum eluted with ethyl
acetate/ petroleumeéether (1:3) to afford 76 g (46% of
N- ( 3- ami no-4-chl oro-2-fl uoro henyl) 3-fl uoropropane- 1-sul foram de as a

white solid. 1H NWMR (400 | CDClB) 8 7.04-7.06 (m 1H),r®%.91-6.87 (t,

1H), 6.39 (s lH) 354. 65 t 1H)deo)g},ﬂgbqng}5;7 (t, 1H), CQ\\b‘P s, 1H),
3.27-3. 24, 2302 \\'Blj) dgentNB . 28R : \Fy\o
2011/ 0259_43QBCI/ US 5 5 SR M—wJH—'NSFI cly, @/g RAN

-2-chl oro-4-fluoro heﬁ 3 RPf ropane- | - sul f opany’ Gt o th

1000- m. 3- necke@ wottomfl pur ged and nt aed with a gyt 10
at nosphere of ni trog , was_pl aced”a Rol uti on of F

2-chl oro-6-fl uoro-3-(3-fl aﬁfopropyl sul f onam do) benzoi c acﬂf?’( 147 g, 422.68
mol, 1.00 equiv, 90% in NA-dinethylformam de (1170 ni) followed by the
addition of tri et hyl am ne (1432 g, 1.38 nol, 3.00 equiv, 98% dropwi se with
irri ' i ¥ls added di phenyl phosphoryl azide (200 g,
712.73 mmol, 1.50 equiv, RO8%~dropwi se with stirring at 0 C. The resulting
solution was 15 stirred at CO$ r 4 hours. The reaction m xture was
di | ut eddepiotettiomat er (340 HN') Y The r8Sul ting solution was stirred at 80C in
an oil "bath overni htz eRf to room tenperature and concentrated under
vacuum The resiF Wsdf ut"on was diluted with 1500 nlL of dichl or omet hane
and washed with 4x1008 nL of saturated sodi um bi carbonate sol ution and
| x21000 nL of brine. The mugani c | ayer was dried over anhydrous sodi um
sul fate and concentrated under vacug¢pemdss resi due was 20applied onto a
silica gel colum eluted with ethyl acetate/petrol eum ether §1 4) to afford
50.3 g (41%801@11%3(53 degpmibas -2 -geh¢rel anethdd wdr egrteeating) p®ducts 35.4, carrying a

-fl Q- d6
0. 4 CLBRERERLY GEb WRT EBpRR s gmTl 361 ape N4 ALK (AL
4. 6Q@- 4 o0pBorfally ihH) mictohlve feabibr (With 4 H)5, 5-BetrhBrethyd-21vin{IM, 3,2 didxabdroldne- in2th84

(m 2H). LCGM (ES, mz): 285 [MrH . 25 Exanple AB C N H2N
presence of a Pd catalyst, such as bis(triphenylphosphine)palladium (II) chloride, and a base, such

as sodium carbonate, in a suitable solvent, such as acetonitrile, to afford vinylated compounds of
Formula 35.1. Treatment with ozone under standard ozonolysis conditions yields aldehyde
derivatives of Formula 35.2 which are further treated with a deoxofluorinating reagent, such as
15 bis(2-methoxyethyl)aminosulfur trifluoride (“Deoxo-Fluor”) or diethylaminosulfur trifluoride
(“DAST”), at low temperatures, for example at -30 °C, in a suitable solvent, such as
dichloromethane. Deprotection of the 4-methoxybezyl group, for example with a strong acid such

as TFA, affords products of Formula 35.4.
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Cl N (3 -Amno-2,4-dichl orophenyl)-3 -fluoropropane-I|-sul fonam de Step A
To 3-am no-2, 6-di chl orobenzoic acid (8.00 g, 38.8 nmol) in tetrahydrofuran
(200 30 P 2at/@3Bowas added dropvvi se triethylam ne (29P8Trds201204695% 0! )

f ol BOV\@@E'PMC%Sbe@IE@W%\I -sul fonyl chloride (15.1 nL, 136 mmol ). The
reacti on m xt ue at 50 C for 16 hours and then cooled to room

t enper at ur eIt Wy édre adndmthgedtdsotoomphfa@eeamﬁmre padhied. frd'meoﬂeagamtlservm)dé)r from
separated, and the ueous | ayer xtracted twice with d| rone

The-or ganing PasthS JHFENERptEHs SRR iRy oo ot siepsorarded prd o e ng
COnCent(lﬁé&fﬁgﬁér@e%la%%%_t'oTﬁ@de@%@@ég"i‘ée’%oﬁidgc %&%‘tﬁéfékrﬁﬁ ésr&ohﬁﬁdrﬁmﬂi’eré?{ur an

(107 n1_) nL) was added WO 1/ 025940PCT/ US2010/ 046955 5
dr opwi dapizally @msemmumméve mhiiphasa cxirantion] orysialbizates fhvar edl vertt o5gol@nt The

vol atil es, were re in vacuo .and the re ion mxture acidified with
conlent TR dhed HER §olpyiohy Scroiralogtanhs, C M E ey Grdfveld pRERENE L ce
Wi th etiiflettdaeiniu@ing] ff eRaEpIRI ©veérSy. Bhase WRd RorGf d%@dslzedikbﬁglow foh ef€HAh N
sulfate, filtered, and concentrated in vacuo. e crude pro duct was

purifi é:@ghbynqdug‘g hanéihl,og\rmtqsgrrgrjwﬂ @h@mamgyaphy methods and apparatus; small scale

2, 6-di 3- uor Q LS do) ben C %

St ep Bglmllg{ (ga%ﬂ ssgflé{l (()1 r%g %\?Rgz?%wd I(k:;llhﬁlI g?n %Ief’ atleeﬁtgrnooﬁﬁ%ﬁg }aér u]i ?h(g%gﬁ%%goa?)ﬁ nazS oi C

aci d (6Gvell @,tecllﬁlq&emmall fealk, tHindhyex ane fledHchidatopsiphgldegde skilled fythasit wall
(3.11 nm, 22 mol ), followed by di phenyl phosphonic azide (4.73 m., 21.3

m’n%ls) apply 6‘%?@%@%‘1’)@9&1&@8’ topghieyethetdegredicrugien - was stirred at room

t emperat ure r was

15 subs equerlljtlﬁ)srteré(gg% Ig}%&\%g g%{ bé& ggﬁle(aalg% t %g?l \G%}Ehg Idga(g%\%éednpe?%gﬁmﬁ{r?ﬁagig in

a rounef{ thetrtphysiédl ah&nmalrm&'enencng bgz nzﬂethbdsnwﬂémbﬁrﬁ torthosaskdl ladah éhve art] s@h asby 101

mmol ) af 95 C he r tlon liltzrred t this te eratur for 16 ho'qu
The reé& Pﬁtﬁ NIRILQIBCTE GaTh2g §ePfrale \'i’éf CORETURGIE hen

di | ut e‘éné(ﬂtfo'fhe% h}ﬂxuﬁr@ QB@t§dﬁ@Qr&n%E%%ﬁg byt NwRh. Aﬂaiﬁ‘ﬁ%na@”'épﬂic%l/l?r S

were separated, and the aqueous [ayer was extracted twi ce W th eth
acaf at @ctlvﬁheomp@mdl (@ d.aglerad aneilierc owdhi aed, ch2@l dicobd o Mosbati a,mdschldrraib)a

];Ihlr gﬁ;g%&ragmgﬁﬁ%] %egér%glalggs aln gr?\?el#t?ng (U:ge h%flélyoqymgg)(% eu §1Ei1v\{\@usal Rllégtlegeblesgm%}/s t]c | ash

N- ( 3- affhe\@ret 09
R oo seganmeri ey mg

(d, JﬁOJSH@HZ 5.61 (s, 2H), 4.59 (t, J—58Hz 1H), 4.48 (t, J= 5.8
I[-IZM,+ 1. 2 53E§(X5smqgl§ k&et{_&@erlﬂ: g., %&%ﬁ@t]&%ne%" stant1a|19y free & 1{s s%er'ggsor%grlmay %100%

- Ao nOoBtaﬁféH@YQ@dwftwn)df l’[lm)xa&ﬁml;-rﬁlblhfr@ﬁﬁﬁg denetidafcifas formation of diastereomers
2-Chloro-3-nitroaniline (S enkowska al ., Tetrahedron 56 (2000) 165)

(0. 36 §singpsicalbs aghing Jesokyingdrgssis (Iv‘zlu:lﬂ R and Wiero et Staieachepnstay pf Organigo| ed

to OC a.ne 8 . 5 d d {hby

pr opanéﬁ@g{i&én%&c P\(I(OglFl ﬁgért SW %‘53?17& %O@Dﬂ%mqm?g?’) q“g)(ré\g&%éép\r,\gac foent \%/la

sti rredChtoman@gmmﬁmbmlunef enatiohgh: Seltbéve eaizii. on Gasmatoenc hEXGBWIOASH. 1 N

ST T Ll S e 5%52&%%8&1(15 o15h8 AN iSn oA B soatd 'ah

N‘ Q@ C'iﬁo@e&&fﬁ'& iy aphe H%%Hod'\‘fnéﬂfd yLIZ%&%%HBT%@ﬁm%fe?é&rfe?i@%&i'tsd@nﬁélﬁ?ala”
whi was used directly in th step N-(2 | oro-3

- n| tr ophmpym)ds I\ar(dpsappyaltlsul lﬁ}o rﬁnytbt)cprabmaysmlhzatlsul cBronﬁnm akmtl@@lsB()Z%fogmaﬁom&ﬁ

nmol ) st di ssaolved in J_ THF/ {1 Iﬁl 9 n., 4.172

mol ) JAStefRaMSHIL LPRPS g}\ﬁl %gea ents separation of the diastereomers, and

conversion to the pure steremsomers, and (3) separation of the substantially pure or enriched

stereoisomers directly under chiral conditions. See: Wainer, Irving W., Ed. Drug

35  Stereochemistry: Analytical Methods and Pharmacology. New York: Marcel Dekker, Inc., 1993.

Under method (1), diastereomeric salts can be formed by reaction of enantiomerically pure
chiral bases such as brucine, quinine, ephedrine, strychnine, a-methyl-B-phenylethylamine
(amphetamine), and the like with asymmetric compounds bearing acidic functionality, such as

carboxylic acid and sulfonic acid. The diastereomeric salts may be induced to separate by
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5 was added and the reaction was stirred for five mnutes at room
tenperature. The reaction was quenched with 0.1N HC1L (5 nL) and the
vol at i | eswmnﬁlazssrmved by rotary evaporation. EtOAc (10poijuseas/asded and

t hesor . and
concent‘.%r%gtffl(?a‘n ?%g{a}ﬁ\?gﬁ & ; ggﬁgl or %{bﬁ@&@{% ﬁ% Brogéﬂaeg) t}%tslgth@%%am ggas
an oil cmﬂnpcmnd&@aziduaﬁcbfdhrrelaiatboxyhc leﬁOﬁictacﬁisﬁmwh ﬁ@&trﬁ;pho&ulfomc acid, tartaric

N- ( 2- Chl aro- nltrophenyl)propane 1-sul fonam de_(0Q, 580 2.08 rrm)l) was
di ssol #&id> ‘inﬁmiP ig agidgpp laglGrciq, ran syt HFB{r@ljmmofﬂée glastfoeoglwwfs was added

foll onwed by 3 ﬁﬁ?ah%l& mefBY ), Ak sMHGL 6 Be F&)ﬂv@@% JE;Q,‘?eJ WREbAhaNRSméeAt €d

to 80C for 3 hours e reacti’on mxture was co to roomtenperature,
filtereadhital cogpoudd fot fofm)s dmsteenteriatpadt, (Hliek sl atxeld\MﬂenESOS«Ereoahahxsn‘vwft h

\(I:V(E]1 @r ’ M@M ﬁ%ﬁ?d pi@%qe_&geyggsgorgurlhg ! ?8611 o ?2\5)SI ]B{a(s:t%r merlc
N- ( 3- aghiBowids thRbO mﬁ&wbgr}e%gg %%}Jmméﬁ'icfcgﬁ%\lg@s &%gnﬁaom%n%mé chiB

111NI\/R400M—IZDI\/B H), 6.96-6.99 (d, 1K) .63-6. 66
m 2H}lerl\ﬁatuglg(IbggenLWQCIGaﬂ:Bemhﬂ?de(r'tvptlgﬂS) follbwed-by. separatipn 2Fhe d)as@eare@nes (t

- Am no g‘Y%%S‘Bﬁ@&&?% &’ﬁrpb‘bea‘?feeniwﬁ?ﬁ‘f‘%{}ﬁ‘i%%a e%“’ﬁ%fﬂl‘\%g‘%ii‘ni‘i‘%?i’t&fﬂ purity

N- ( 3- amfvodved 1RAKIAY Ghifalfdstédd, QR AY h)meHRRAREeT, d.g- FUl HORBM ElforoffRhat®in Hed
mol ) di ssol ved in net hanol’ (100 mL) was passed through an H Cube

hyd? ogeresenne o basguiopdddsher testes  Rancthegrtr(irifymranethg)pheny Hacqtate (dagob BL a

concent PP B THOEFOF SHlEt B BRREEE. AP a1 g cgpestine of figh
N-(3- a'E)nQﬁ’cI(ﬂnéfricUEIrﬁ? henyo} F@Iﬁﬁ@'\%l 47 Nb" ilogl@@)j% 1'1'@‘.‘3\@1(( 00r Mezracemic

DVBO-d6) 6 9.37 (s, 67 ?—dd J=8.1,
2.6, 1H)xtug, . ar@lmng fthe 1H) N 1®eetsum2ﬁe|y thg p@@en@ 96 tl(ncmtwg mtromsoarprledq

PR L e S T N gt i U e

N- Q@ Artpacatédd ahd @sodated fbbruﬁfrﬁah&ﬁw evak@PRRe - chiomSuL oA Mo teving ifeth®lds for8
WO 2011/ 025940PCT/ US2010/ 046955 5 nmml ) di ssol ved I n nethanol (100 nmL) was
passed S¢nsFAI9PIef akopseneric raphihylisearivelieas (WP Q6 1t h- a Pd/ C cartri dge at

nbi ent t f i
wns. concent EaadH e GEAaBREE Bk rlesfo chiflonifealop el Bbforflrathl e
N- ( 3- gmlng-ageﬁzilgav@faopimyﬁhhsqo(mgnew B4) Ehiraini.ideid GlﬂoNi‘dEbg(rﬁﬂ@ Melzv York
DVBO-

6.55 - (@apmay ﬁpd(lrsieﬂ 1‘59%_97 ngamozitlé Y0§hleze€ ak H)QP%L r%sofrltloe of d@nglwpzﬂ@l@e
1. 69 ( Bhardidhnerd- %6 b oh- rfo?mgfnce?"'ﬁ u1ci-C n{awg,lr:lg)n’?i Zusﬁfés ﬂhen@é%ﬁte’sa": of N (3

-Am no-2,4,5-tri uoro henyl ) propa
152, 4, Sofvsacthamieetaemzdneal Btadiodargnphase. ( Ilﬂjﬁrmto@ SBL.nidl 19988 phi SFH3TRM i n

di chl 7., 420 nd ol
a:jgedo%oqf‘aé‘iﬁ B gt i e R ot £B oel sy Arrda st oofipneuil Biteatipe 72
ul , 6. 816BuRks Witk ﬁﬂgﬁ‘i‘c rBdt é%l%@ stut?l'i QUEMical Mitioﬁgﬁd citP@ar $€hBARN Was

renoved and t he mxture was stirred overni ght. The sol vent was
rennveBlQh@MdW@ﬁ:re and the crude product purified via

h t t at e/ hex t fo

N8 e no- B Haictanl Brelb e e ves SR AR A Tk PR S prugin 1
NVR (4Q0QdcHicompleaed dfth Hsp9o B8 S, MAHD, ot 4. %eﬁ\qéchaﬂlsmjdf Hpof Régtﬁﬁtiorﬂﬂ?)the5 75
(s, 21 3,10 - 2.91 (m '2H), 1.72 (dd, = 15 1, 7.5 bz, 96

. 4 Hz Pr@¢in KihfSeMpelilile |Jochdpzraz$H50°¢ 35| Bx@sth Vel AG6 k2004) Qip 87 98; Stancato, LF,
et al. “Raf exists in a native heterocomplex with Hsp90 and p50 that can be reconstituted in a cell

free system.” J. Biol. Chem. 268(29) (1993): pp. 21711-21716).

35 Determining the activity of Raf in the sample is possible by a number of direct and indirect
detection methods (US 2004/0082014). Activity of human recombinant B-Raf protein may be
assessed in vitro by assay of the incorporation of radio labeled phosphate to recombinant MAP

kinase (MEK), a known physiologic substrate of B-Raf, according to US 2004/0127496 and WO
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N O CN N (3 - Am no- 2-cyanophenyl ) propane- 1- sul fonam de To propane-1
-sul fonamde (0.950 g, 7.71 mmol) in 7 nL N-nethyl pyrrolidone in a vial was
added 60%eadiwmsdagdride (0.194 g, 8.08 nmol) . After gasTasedions ceased,

th
o a2l 88 aShit R PrHiRE AldR e R s estimared by meauting g
vi al wascdiparatich af radidOlabel @V plidipadie frobhBmB IPQATE iAkd S BA -midaiidd wild-eypeeBKi on

m xture was partitioned between 0.5 M NaOH and Et OAc. The aqueous | ayer was
aci di fl(éf&E@Hmlﬁa)wth concentr at ed HCl and extracted with EtOAc. The EtOAc

extract Fg)rngﬁnggSOfl, filtered, and

evapor a Wo ved WO

2011/ 025940 %%U&%G&&ls%@&ﬁﬁvé&umﬁ n@tyhﬁradﬁndsmaPb@cinyvcbﬂwaleﬁolrohtdupprmher to
rempve NVP, drjed over N?S filtered, and evaporated to yield

N- (18- arip o conditinndie iigble routes indlusie-prrly @atentes glclugmgzswbﬁwneoya 7%

yi el d) ; ¢
T A AR R Ao i o
3. 13- 3.ib8al{ mpi@HYincldBfe Bu@bl fd s@libpyall, Gfirdl, inkheritomeal 2AhRagul fidfdcy 1ard0%)
(LO M5, n ative ionization) [M1]. 10 Exanple AIl 0 g,0 H2ZN N-(3

- Ami no-Btr aﬁ"i‘lfl uor ophenyl ) benzenesul f onani de Step A: Met hyl

3-ami no- 2, 6-g clo( 99&%@@5@%&1‘1&5%@ inBnl %%nvglﬁgﬁ alRhi =it kRl eloh tdtdets,

di chl ororrethane reat ed sequent y Wwth triethylanne (2.50
m., 1518 p@wdmmlcppm lﬂBhZEmE‘,S dispemmiphs,c hispensitens( Sy@@s,mkprag®. Ppositwiries, gﬁe,
reaction xturetvha F d .at anbi nt tegypera ure for 4 hours dfg{lﬁ]

di | ut e W PRS2 RTINS di H?}br‘ES’H?é’toﬁ 1985 Y W"PI?P%%FO‘(V?Q? d”f1
brine (phaﬂnaczb&a@ggegﬁfa@loﬁms% Wgentl, ic8icaY OH MNadifots, aRdeeRis enlikiak ederts,
provi de neth fluoro-3-(N-( henyl sul fonyl) henyl sul f onani do) enzoat e
(2. 848 agd f@ﬂ@g 2CtP® agents) If mhentenaliasimimestrefipmis dxalsecg teercammesidioas @il belpisslsl ved

|n 60 eat.ed with 0 MKOH (15.23 m., 30.46
%?E&nreac-ﬂl)_}g%llvsﬁ%g nélroél]f\/\g‘!';sm a% Elmé?c lé)%)l énr%%&?%rrper ature for 2 hours.

ThQOOr gani c /s eypi&id forvasgatiodne eei)awadgfr mb@hkk! & RImPH BB OIf the @P&eﬁtﬁﬁv@ﬂi@ﬁ%ﬂ a
residue acidified to pH 3 using 1.0 M HC1. Extraction with_ EtOAc (2x

f ol | oweaTsy ohexgpipy- Shitakle pyrisedng cyeinicatsaxe Walk kBowp inthage skilledin the d

d t I
cruse oy ouic e ST XY SEREE 03 L FSAIBP LGyt Bl e
HC1 andiné)di)mcDeldvaM tSystehBAPh{lZdelphid: hEippibitnBdllphgagi Wikkis; 2004; @emmro

washed ter x),and brlne (1x) .nd then drled oV 504 a
concent‘A\r,YlgqnéB oetaﬁl‘f PIRINgtox.; 2 Seh g‘ﬂﬁ‘éﬁ‘%ﬁ ‘F‘CLIQEEDGO‘M 53

g 2§ 88\19'1111&?9!; & W&ﬂéiﬁm)ob@' Qﬁd legé'\’g yxﬂ&{d él dt&d\éﬂkjr]f Pt%@ﬁ%é‘e%n@al Excipients.
| uor o- 3- (phenyl sul ¥ onam do) benhzoi ¢ aC| was
d| ssol \fehicagn, Pharmiacéditieal( Ressa2Poandhe fc&aﬂMmsemwrﬁisoalhblyadmnh ot moeet hnyﬂfasn ne
1.99 dth di ph | ph h 1.633 326
ot ). AR B B s SBPTubTae BBy SRS e ket
and t hgpeserv@al&d awtibNdddds Wﬁ)a&@ﬂhg ragefid, PR@ned ﬂr&egﬁnggafdér cHBrRUsSecttRGs,
e

reaction mxture was cool to anbi ent tenpérature and diluted with water.
35 Ext madfuindig egents, Flagedng 2gonts wilupnts hind ptleer knencasidisives do proyads an slegers

i t36 presentg 3)(12 otatﬂe drug (i.e., a compound of the present invention or pharmaceutical composition

thereof) or aid in the manufacturing of the pharmaceutical product (i.e., medicament).

One embodiment of the present invention includes a pharmaceutical composition
comprising a compound of Formulas I-XXV, or a stereoisomer or pharmaceutically acceptable
salt thereof. In a further embodiment, the present invention provides a pharmaceutical

35  composition comprising a compound of Formulas I-XXV, or a stereoisomer or pharmaceutically
acceptable salt thereof, together with a pharmaceutically acceptable carrier or excipient.

Another embodiment of the present invention provides a pharmaceutical composition
comprising a compound of Formulas I-XXV for use in the treatment of a hyperproliferative

disease.
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brine (1x) was followed by drying over Na2504 and concentrati on under
reduced pressure. Purification via flash chromatography eluting with a
gr adi ent WO 200702399 Et 0Ac: hexanes WO 2011/ 025940PCT/ USPQTQA/SO¢u605®55

af fgrded N-(3-am no-2.4-difl.uorophenyl)benzenesul f ongm de (508. 9 ool 790
mror 35, 65 Siogitbi fvRuidnsar R SROSEiph PGS PREEL A MRt R confisicn

- Am no-c@mfrising b Gomppienyt Dorthi e -2V fhouseth @& treatment oBt@ReA: Met hyl

3-am no- 2, 6-di f| uorgbenzoate (652.8 ng, 3.488 nmpl) was dissolved in 17.4

nL di chl or ofeHishembodimap ofrihe pressrtedvertinneproVides ¢ Miarmagaufieal gpmgisiion
(1.42 %,”F : ANd: -%D?V' . Wold . %46, hm! ) -
The react %%nélgf?ﬁpéanms SOHAP%EEI a afév%qgéﬁ? ﬁ}gél%@%atégglaﬁé?&i%agﬁoérs and

t hen dielmbbéithent tofi theldirtseanadvetliioh|ppsvddet b agtardacduies hednpositivint foni@istig G2X)
and brine (1x)..The organic phase was dried gver Na2504 and concentrated to
pr 0i g&ome of Formulas I-XXV for use in the treatment of polycystic kidney disease.

2, 6- di fnpropd ONTRIENT e Rpafrhenzoate (1.561
g, 3.489 mmo er T a hen 1 mredr ater y ofr ssolved in 17.5
mL 4.1 THF: Wh®Hngént®nMnchmds tmethodsd ofiitteatidg r Mk@iting disedse &7 ceiflithiornlby .
The rea&tio m xture was stirre a# anbi ent tenperature forrpi‘ hours. The
or gani ETEUIIEHHE GREOT BATR SUPRAYEES OF LR, PYEntiTe 05 A SETERIRPY A bempasebiisally

resi dU@c@g{a@ief 0theRoPHIR 048 ddtbodierY! HFlimafgatitt is Atatidt Witkt0/fmAcnd oFas
fol [ owed by washi ng the conbined organic extracts with water (2x). The
cr bdle peoodues I-RAeV threrstarroiseuere thussnéries phamiesxyticatly asedptabls saft thereofandh @H

2x). T i ngd NaOH ext t idified,t H 3. usj .0 M
ML and e anicaRy oREHER AT R A on R S bty ol L PRt
washed agity. wat er (2x) and brine (1x) and then dried over Na2SO4 and

concentrated to 25afford 2, 6-difl uoro-3-(furan-2-sul fonam do)benzoic acid
(475.0 ny, Inggghenembodipaent mbyman pitient ictrmed nyith B@mmupgef Formulas I-X¥\Vep B:

2, 6-di - 3 -2 sy f i do) benzoj id (475, 6. mol
R e i S SR g R S D S T A R S
( 02637 phirmadeGRallyamkptabledatrivediivahe oy L ¢Hicls phar sthowad td@eté@atiR thhibit BRZF50

mol ). The reaction m xture was stirred at 30 anbient tenperature for 1
hour aftf#en treated with 5 nL water and heated to 80C for 16 hours. The

reaction mxg M(ﬁh%ﬁlb%?%(?ﬁi gfl; gle%g%iﬁ?ﬂr}évérﬁgﬂez{ ﬁltefhrrgf)g.o? atgi{;égé’aﬁr%ﬁ%rﬁg'hﬁﬁr%te.er .

Extraction wth EtOAc the conbi ne ases with
wat er @#rdseaimd abmamenal loompaiamef adrhimwetinpy adthgiapgutivaly ME26G¥ ammaint of the

concentration u ﬂ;r rﬁgulgi%épressure. Purification via fl ash chromat ogr aphy
el uti n§ORPEH! Og aLeit G 1Y 2T EEORES H%‘%ﬁ?i’_@% Befigiegey pharmaceutically
35%(Ba@d@pﬁgre%aﬂﬂ%rédw@rtﬁeﬁﬁﬁﬂﬁalfiy}lsv@wd%a.sul fonam de (152.6 ng, 0.556 mmol,
35.52 %yield). LOMS mz 273.1 [M1]. WD 2011/025940PCT/ US2010/ 046955

5Exanpl e AJImarcgher amibadinknd o fiihe Ippesentpihesngion oy methiold of treating-2 lsyplefrwolifieiadiove

To N-(3-am -2,4-dif h | -1-sul f 1,d 0,.250 q, . 99

ol HisRRE 7 @il R s B R A PR e, andbugh hoide)

and py eé@podidne-Fotmukl 1£0XY] 0l sefdoohfke th@om2P ofpharfha&tidnmy ﬁeceﬁtﬁ@le salt
e

suspensi on was stirred at anbient tenperature for 18 hours. To t
suspendiesoiiiadhe mammadiisaovided. of 2M NaOH which stirred at anbi ent

t egper at ur e [ sulting. sol.ution S; di.l ut.ed, with ter. (20
i TPera br ol otfer Maoinkh? oF BRCAFiGE S @ Melfl dh el Kiintl'gikBisE n 630
M) Thenaaomdeini@isiity ad@andtesngrar eipeitidafy affedtied lahvangel thdrcompbagd aphy
el uti ngpwi th 1.1 Hexane-EtOAc to provide 15 .

N- ( 3- afPPelas 2240Y1 Qb RropREAPPINSY rrutomer.naodrug, Py gharmageuticelly asgeptaBeqsalt 14

NVR (4 : -16. - . . . S,
1y oy AEHgnA i3 oA S ey Bhiodilit i iatdl g5the 1 galdest
276. 1 kidngy diséasanpl e AK 20 N-(3 - Anmi no- 2-chl oro-4-fl uorophenyl)-N-(4

i m;g hoxybe fY zlirzo%e? %%%Sai]ﬁle_nt, Sé%gt}?gc? g? tgeeating or preventing cancer in a mammal in need of

such treatment, wherein the method comprises administering to said mammal a therapeutically

effective amount of a compound of Formulas [-XXV, or a stereoisomer, tautomer or
pharmaceutically acceptable salt thereof. The cancer is selected from breast, ovary, cervix,

prostate, testis, genitourinary tract, esophagus, larynx, glioblastoma, neuroblastoma, stomach,
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N- ( 3- Am no- 2-chl or o- 4- f| uor ophenyl ) pr opane- 1-sul fonam de (75 g, 280 mmol)
was di ssolved in N, N-di methyl formam de (200 nL, 2000 mmol). A 60% sodi um
hydri de swepengizeqsoi n mineral oil (6:4, sodium hydride PCEUseoialo4ess, 11.85
g, 296 hdraNRSARIAE. [ tes.
9, 390 TR ARG 08 IR, GRoRAEL AR, AELBBRG RUCPIC 1l e,
t hen waamweohnay ldfe éﬁe‘mcaltnmniapboﬁe cbivors ademmne nenueasi adenocrsinaema,othlysdd,t o 0

C and et.hox benz ri de (.40.Q3 , 295.25 mmol) was  added over 5
i nut eOMGHET CU8 Fén “ag@f%reém@tefioca&mm%nw CRES RN %eg}w%ﬂa?lém%t er
14 hOUrsﬁco&geblﬁg@&tc'afbﬂldﬁi(tl%?cé(i‘@ﬁloﬂﬁ%nﬁqnh%%aﬁlsag dg W&H& Gh{Qbigde
solution (1750 nL) and thé water [ayer was to | eave an orange
0| | . THisordsird, lymphdid idisordets dairi lcelds biucmb camntyl"amdaﬂmrynQ(Zota)) liph®enpgesyaniting
Eﬁ uct , was trn?glsferred |lnt a f_ beaker, dil uted Wlta 800 .nL wat er

c atP By PSSR THER R SOIQRTeG anlags<; 1ptegtiiea fect Ry TSP CERTR BEPEPS YStTyr
The r e ildokinG dniddBlkengh! %o‘ilﬁér'e%wﬁﬁn&ﬁ'df Qﬁé Eﬂ:sé‘dt"%n'flénltlbﬁé})trb\ﬁﬂesaﬂﬁg wé ioed by
| yophilization to give 111.9 g (99 9% of
2011/ 0zsopowdfUgSrontysd4968N5 oga stereoisomer, tautomer or pharmaceutlcally acceptable salt

N-(3a | oro-4-f1 ugro thox 2Nz ) pr opane- 1-sul f onam d
e. Mfz‘ﬁgﬂ‘f\ﬂ?m‘%ﬁ% Ig%“??&/‘&‘)ft%%r tﬁ?] ?Y%f 6.96 (dd, J= 10.6,
8. 8 HZ 1H) In Bndiller(einboditnént,a téthod b trefin Jar f)ﬂadenti]ng (ﬁnc?er iPa Mahignal Mrheedof4 2

(s, 2H), 4.71 (d, J= 14.4 Wz, 1H), 4.57 J= 14.4 Hz, 1H), 3.70 (s, 3H),
3. 31 (wtch eatgent, wherpin-ghe mathpd cqmwse@cpémlglﬂtemsggo smdsrlwnalmher@e@@ca@v J=

7.4 Hz

Ui no=eeghs, R B keipoloh Fommlas F0X, o5 o strseivomer, ayfopasr, prodiye or

The ti q)hmcaoamwahylamptabreaahnlmbofy ng the procedure descrl bed i n Exanpl e AK
using N-(3 -am no-2, 4-di fl uorophenyl ) propane-1 -sul fonam de instead of N (3

~Ani no- 2- chiStoderembedimenieidprinsan b Epatmerevideuihe ysrmhagempouad af qrpmglas
gazgr '( ?Jg(X‘%tb%efeﬁggnWZtaut%{w ? of pli'%?‘a&iltléany a&egﬂ)feesgﬁg%&?&f %‘Hﬁ

3.26 manefa(cmre ofld ineditai@bnt- foﬂthﬁ@re(mmenﬂbl) canter00 (t, J= 7.4 Hz, 3H). ES-MS
M1l m 37
[Am ]no 4Zch ﬁi%%ﬁ%%ﬁh@éﬁmreﬁ% IVERHITIR B Pe 1 Y sanEwppund of Fmaiasde

The ti ‘Ib@(‘zo@ﬂ)@k{@ﬁo%ﬁlepﬁﬁﬁ%@g pR&IrAg of Bﬁarﬁfagﬁﬁféhﬂﬂ}ea&%ﬁﬁﬁlebﬁﬁ thdtebR<aRLE AK
using N-(3 -am no-4-chl oro-2-fl'uorophenyl ) propane-1 -sul fonani de i nstead of

N- (3 - Amnptactire ehd oredicamihiufor dsHesapthdngrof adney tiseassl flonditier ensbosliment] thg

materl 1H. NI\/R 25 d6) 8 7.18 - 7.10 (m 2H), 6.99 (dd, J=
%fmﬁ&d“iisf P?%Y%V'%W%?‘“%S ?}ﬁeassn) 6.53 (dd, J= 8.6, 7.7 Hz, 1H), 5.43

(525 211), 41166ar(0&1er 2bhbodBméh, (8, methbd & Peventing Dor( Meats caﬁce@5 com:iarl@ﬁag( m

211), 1.00 (t, J= 7.4 Hz, 311). ES-NB [ MiNH4+] T z 404. 27 406.

2011/ 02SQUBHETIA LD W@@Q&l@é@é@pﬁ@ trapiment a3 effectwe amount of a compound of

- Am no n n rop m

(5 ALPREUG! PARYPREA Nt PP RGBT PRRl 2 PhamBRELASYy acgpatls o

di ssol V}&:dedfnaanNodumbhﬂbiﬂaﬁbﬂ’&ﬂiﬂdené 40 nfidre adﬂtﬂloﬁﬂod:cﬂﬁbdlmdﬂ hé&vinSatiltahcer

hydride (0.88 g, 22 nmol) was 10 added in small portions and the m xture

was st PFIPEHIC4t room tenperature for 1 hour. The mixture was cooled to 0 C,

beggyl brom 1) ad ] at

oo ¢ erper i SRy b BT & o A7 e Rlig G Blhilf Rl ROLBEEe

added @@fhistering na nidnemali it need O\K/a;achs treathredt ah effoctivet anmert aif ur @nigund dfour .

The m tur canted, t.he oil esi due, sapl dtoaVrlan
Cherel & éﬁﬁmggf aasr‘ﬁ%re%lﬁ%m%fdﬁp@%mé{cwcm@% > BPBEOEN 15
was pUEblﬁbﬁQ‘u&?{NﬂH oht @ﬁﬁo%&ﬂﬁ%@%cﬁﬂﬁ%mﬁgﬁ%ﬁéﬁu-@iﬂ%ﬂ RBperes30% et hyl

acetate in heptanes) to yiel
N- ( 3- afi no- hlﬂnqjﬁlfﬂlmmlpﬁdgnyrn)ﬂwcmmnw%aupm 1-sul fonani de as an oil,

"8 L, S0 A TR LA, oo DA
5. 7 Hz caréilbmabis ?sﬁuﬁrﬁouszwll czﬂ'elﬁgmﬁs InZ4othed -férfher etnbdlihéit, @ié)earém&ﬁa id aR /

(m 2H), 1.01 (t, J= 7.4 Hz, 3H). 20 Exanple AO 0
adenoma or adenocarcmoma

In another embodiment, a method of treating or preventing a disease or disorder modulated

by B-Raf, comprising administering to a mammal in need of such treatment an effective amount of
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N- (3 - Am no- 2, 4-di fl uor ophenyl) - N- (4- met hoxybenzvf | et hanesul f onam de
N- ( 3- Am no- 2, 4-di f| uor ophenyl ) et hanesul fonam de (2.03 g, 8.57 mmpl ) was
di ssol vedworzo2B2b84- di et hyl f ormam de (8.4 nl), and t hePpoiratseeie/ owess cool ed

Oveis ar, é.o(ﬁﬁ)ogﬁ& Bt F%%%%QW Liig st(apeb?’séglteg’t%ﬁ?tﬁér Ma}mmatiﬁa@g%??eﬁgﬁ% L4e

fl ask was renoved e ice water er vigourous

subsi deleredheExamges ofisurhxdiseasesvimd dddrdere thohidel boart ewp &indted ne, daaterl Tieur
and then coal ed over_an ice bath. p-Mthoxybenzyl chloride (1.21 ni, 8.89
mol ) v&&gceédaéal,%ﬁe&fr%éae%y %‘taFXar‘ieﬁ‘QXaoP@PéFeg Hestis g eeiQArngry rtEacsi ¢RgPRagS-0om
tenper N

he r%}tsaagt%ﬁﬁz | QR SBIk S \WRthash, GRIC eﬂéra@,g@ﬂtﬁo%at eﬁﬂgﬁoe&)%n%’
(0] e

and t hen 50’. f a solution of water and safturat agueous a i um
chl ori derdingma, 3argd XellvwascinoldgdNSThE, smalltdetincandinema,elung sidedearcitdnna; debnet

ro tenperature overni ght. . The precipitate .id was coll ect by .
[ DB SO i e o, OBy BRI, osh: Moy, renories T Bt isieds
chr omat @eimihy, pabfitary GREIHOMa, FerrPdtnal MdlaRmel adafiontEPBIANEY dRciBdME liver

N- ( 3- am no- 2, 4-di f 1l uor ophenyl’) - N- (4- met hoxybenzyl ) et hanesul f onam de as a
sol id (Rrasmaand/gligyypassegeiivRiney 0arciviama, DyBloididisorders3lyfuphoidigordemsizhaiyH)

6.86 - 6,7 3H), 6.48 (t =85 5.6 vl 5.28 (s, 2 4. 64 (s,
2y, 3585 Cuteland eyt o) Tp e miou s shgmine5on i,
Exanpl dar® iflestiNe(Bctum, brain and central nervous sKstem Hodgkin's and leukemia. _

- Am _no- 2- chl or o- 4-f | uor opheny1) - N- (4- net oxybenzyl ) et hanesul f onam de The

titlPe conpodndngiaer agrhodiane, amethed phecating eeprgrentigackisepsedridisordea medalamg

. e  or o4 F | o | ¢
N (3o AP isra AP FaS e ieto p AL ARY B e G SRR AR TS e EG, ©
NVR ( 4G0cdthipoundME0F orikjlas81-XKXIM, ¢da slersoiforfiertizaut@di®s, phoditg (odlhhadmackUtidally8. 8

Hz, 1H), 6. Jréa% J =8.7 H, 2H), 6.49 (dd, J= 8.8, 5.1 Hz, 1H), 5.46 (s,
2H) , 4.3?&6%’326 lt thoreal. 1, 1H), 4.56 (d, J= 14.4 Hz, 1H), 3.69 (s, 3H), 3.31

-3.20 (m 2 N Q . o L

i no. 4 ol orad iz bt A pseifthverfilng Melhdd o proventing o rating kjdnery
ti 20e clisepsn,nonpasngpadimiarseatingsd agatinal pu neddif sechdesonér ad effectie amplust K@
using 25 N (3,-am no-4-c - 2-fl uor qgphenyl ) et hanesul f onam de i n pl.ace of
N-( 3- Arﬁ"%’-"é‘,‘%-ogirﬁqr{ﬁ'&laépﬂ%%}l? ) Bt HSFECUT T Ha MR HFUIYS 19§ FﬂﬁF@?‘ieng?aﬁli’H
NMR (5Q0c le DAYBrerdd§) albng ol th COmbihatish WitiZoneZbd mof: RSl cdmpBurds. Lnd
Hz, 1H), 6.83 (t, J=5.8 Hz, 2H), 6.59 - 6.43 (m 1H), 5.42 (s, 2H), 4.66
(s, 2Hpapothe7 2mpgdin®hl of 3he2 Bresent idverTion, hizmetBef of Pr@@nting of tredtide iFplycgddc. 30
WO 201]1(.(?259&10PCT/ US2010/ 046955 5EXx r’rgl e AR .. N-&S ¢ Arr}il no-2,4.5 Focti

-tri f 1 dSPEEHENTLS “SmPPPIE A PrYpiaHRS ?0 3 JUATPgALR R of such tregimient an effgefive
sobgt i et 20f4aScdhpdundobpbRIERNE- LX3¢W] a1 Nestérddidémbl, taftodfer MPRddrug Nor

di chl or onet hane aié? m., 420 mmol ) was added pyridine (557 ul, 6.88 mol).

The r edbaggseniacally eceqniable sale theresdi alenoCinaermignstianowshoop onenorg additionany |
chl ori %m(pg?gdsul, 6.88 mmol ) was added drop-w se. The ice bath was renopved
and the nxturé was stirred at RT overnight. The organics were renoved via

reduced pressivtieeramboditencsitlepRiad utlent@spriovides the @isé S Dibdipoadd b Formulas
chromat qgraphy eluted, with 1:1 ethyl acetate/hexane to gi

N- ( 3- arth®Y2, U, 5- HiFiePISQBFb plaateyes - o pharpasputingky eacfegtablgg\éﬁﬁmt@%eqfe 28 W,

Ty 5 g B a et R ng e by I falGli St Ayt

3. 13 (mvadtierviz, irdstate, @iy, genitdlyinadyGabSefdhhdusiarynZ8dlidblastonaaypb@obl@stoma,
stomach, skin, keratoacanthoma, lung, epidermoid carcinoma, large cell carcinoma, NSCLC,
small cell carcinoma, lung adenocarcinoma, bone, colon, adenoma, pancreas, adenocarcinoma,
thyroid, follicular carcinoma, undifferentiated carcinoma, papillary carcinoma, seminoma,

35 melanoma, sarcoma, bladder carcinoma, liver carcinoma and biliary passages, kidney carcinoma,
myeloid disorders, lymphoid disorders, hairy cells, buccal cavity and pharynx (oral), lip, tongue,
mouth, pharynx, small intestine, colon-rectum, large intestine, rectum, brain and central nervous
system, Hodgkin's and leukemia. In a further embodiment, the use of a compound of Formulas

I-XXV in the manufacture of a medicament, for use as a b-Raf inhibitor in the treatment of a
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Met hyl 4-chlorothieno [3 ,2-d] pyrimdine-7-carboxylate 20Step A: To a
solution of 3Hthieno[3,2-d] ulfona-4-one (25 g, 164 mol) in acetic acid
(200 ni) weonddsdobr om ne (26 nL) dropw se. The reacti ®OTMSZANNECIBRS
heated The resulting suspension was cooled to room
temB)er é)tgﬁe&%{d& I)l 5C§n ?H{eﬁ%p i, and neutralized with solid sodium

bi car bonat e Anﬂﬂ&r s@bbdinhosiiité pﬂmr[ atkchiesi gdvidys tha eelef o dohipoahd 6fNFdrthuydsel d
21.4 g of _7-brono-3Hthieno[3,2-d] ul fona-4-one (60%yield) as a solid. 1H
NVR ( 53055EMPE2 SIERSEOs). Butepierprodiug ppphargiaggitically mmptaélezswltchereq@vn the

Step B: A-one (10.0 g, 40.7 mmol),
[1,1 -nE)l s%ﬁgﬁg A_Tr}eakg@g tl[fﬁf)é?ag]]reﬁgljéeéﬁéf%mﬁl oropal I adi um{H) conplex with
di chl or onet Ramthef &mbb)dl(r&ﬁﬁoﬁhﬁpnese‘nt ﬁﬁ/ann);br))wdEsrﬂlehkwéfaarnon@o(lﬁ&oﬂﬁomtﬂasZOS
4 1), d nethanol (80 ni edln an autocl ted. with a
|aH§D ﬁt bgk @ S‘?FFQIW Jﬁw%eﬁg pﬁ%ﬁf@%ar TRaREICAIbE Acqepiablscs ¥ threof it
The vessghfaase Q)'f af abatadeht & @k Wpe%ﬁﬁfﬁteoiof)ol?@}rsﬁ&’ '](15%?'0&1%%&( 330, Biterand
heated to 120 C for 3 hours. The vessel was codl ed oom tenperature and
t he re@mhoc}nmnt,xh@lkldnmélsmsb isgrodytystihieidoey disesed sol i ds were washed with

met hanol e solids re air-dried to give _nethyl

e hydr oxyt hATRBIS, eéﬂ%ﬁp?r}tn?fdﬁf%evr?seeaeﬁwpatpéO%éeSsﬂ&, Coftipgunds; 9f \Farmpkso
Mz, DYBOXVEE) usb it thef 8.90 (s, 111), 8.27 (s, 1H), 3.89 (s, 3H).
VO 2011/ 025940PCT/ US2 0/ 046955 5Step C. Met hyl

4- hydr oxyt hiAawdjes, eznlu)]dpymtmfdtlneprfzse@anmmybatmm(léesethg c@npanrds Yof vigngmulas

di ssol 9s LY, 100 100 heat d to refl ux
For . sy ToR G BB heabial s treproleragh Posier n BRErebS Shfigiibertrive
phos phogydrpehifantivedisese di sirckt ed ffther dited A8d SRy yesmﬂaﬁ@uamtge[e@tddzmw th
i ce and sodj um bi carbonate. The resulting suspension was filtered to give a
solid, R@FFERONRAs triturated with anhydrous ether. The resul ting suspension

was filteredi, I t

4ocnl or oty e PAURSIIE ol b eresent imseprn arguider s serpeunds of Fogyles
1120 Nrmxxmer Udetin tHONR@HE) o kﬁlnBﬁ)d(sSaselH) a fifthk7 ethBodidieht, thd. I9dndyslisead is
Exanp I N N MeOOVe

154- (21’23'5?’??& g)@'ﬁ’éﬁ?ﬁ% am no) t hi eno{ 3, 2-cfl pyri m di ne- 7- car boxylic acid

Step AcdtimvhTfoRMtpERARPYeNO[ 3, 2-d] pyri m di ne-7-car boxyl ate (0.396 g, 1.73
mol ), "DIEA (0.452 ni, 2.60 nmol ), and (2, 4-di net hoxyphenyl ) nmet hanam ne

(0.274 nl, Thezompohndswthes uhivesainead siencobidmeanahdyghateatetitcly aCedptablSsditsur s.

The reacti S CO room-t erat ure, i tianed between EtO and
wer Dottt B & alahe DR Coraaiog At sy A B WS or
(323, Qohbbiidl ofiMd pésetnveéitiof daPVSiise M2 HAbiARFbNGARE ST drM e ad AtiShaT AriiBE hy!

4- (2, 4-di met hoxybenzyl am no) t hi eno[ 3, 2-d] pyri m di ne-7-carboxylate as a tan
oi | mlf@hem@lwecm@rhmmrg iferativheamiesancet, @y, chemotherapentic lgeIMet le second

4(24 X enzlamn th| md|n - /- car box 2 g,
N By R B R b o (Rl i ool Beanel pBTERIN RSE T
25 mTch&»mp&&leﬁdidﬁﬁbtﬁJﬂ%s% tHel’cﬁﬂlp@ﬁnd SISt AVEREHA bubhah& By it advdrsel p affedti on

was brought to H 12 with 0.1N NaOH and diluted with EtOAc. The | ayers were
separ afah ofher- tYeh agendoers spisghly prgsent ar pembinatonint amounts thataea effectiyel for thad

gggztpﬁﬂaggﬂ iflerlieg N! f@ﬁg‘?@% ﬁl%gr()be adlﬂ%nﬁ%% &')%gthgrr HeL Hﬁﬁm@eﬂh%ng{ldeﬁgca?ver

concentrate
4- (2 4 coinpeditiax ybsapatdyrand) wikineadpidisitret] sppaiatalyl thie may agtiostynlultanedaslgl of 365
ng, 1.06 m‘rl)lI .61% Eldsatan solid 11-1 NWVR (400 30MHz, DVMBO-d6) 6 9.48
(br s, Sqpenyal anggy puder.1 fiych sgaeentipkadmipjstratjonymay by glogeyin tippg or rgmety indimq. 1)

(4P o0, i, 4 s by Shofbun® ot s a0,

4- chl oregalliesst ¢fy meBlvdogsn rofl @tips8. , Chethothympedtdi agents dallaex yérap@inds used in

35  “targeted therapy” and conventional chemotherapy. A number of suitable chemotherapeutic

agents to be used as combination therapeutics are contemplated for use in the methods of the
present invention. The present invention contemplates, but is not limited to, administration of
numerous anticancer agents, such as: agents that induce apoptosis; polynucleotides (e.g.,

ribozymes); polypeptides (e.g., enzymes); drugs; biological mimetics; alkaloids; alkylating
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Step A: Diethyl 2-am nonal onate hydrochloride (20 g, 90 nmol) and et hyl

2- cyano- 3- et hoxyacrylate (16 g, 94 mmol) were dissolved in ethanol (250

m.). Sodiwozetimzi4de (21 g, 310 mmol ) was added, and thecwuscuwo4685s heat ed

to kefl 0 S [o 0
gancfl1 lé’c o%fc Eé%tgt rﬂlzftltg ggl Bﬁ?ﬁgg mtﬁelﬂgb%hégbgrg ﬁﬁéﬁeghgéa?%e me%ﬁgl@g)dls nfiblohdl

d| chI oraatibddieneorguchtadatvith .anfibhca degbistok iy eandi@sragiohueieedbioligival wespbnse

di chl oro hane. The corrbl ned _organi c | ayers were washed with brine, dried

over sdRRAHSTE U Batierfeions (oie dititaacicd. 2 @tqr@glamﬁ.[ﬁg 4612 gtopnsic) EoRtieed
wth a;mxh n hi er t

suspensli on \k}\lglgra?h Qg%% ?%H% I%’l@ g%‘&g{?%gaet hy ) EHCHAMEE! tundSle cel
3- am n@hfféﬂematuool €2, 4lldiansrdonond atid, asc.p golei thefpPUeppaits]) antisehdVRetapFO

DVSO- d6 3 2 57 2H) ,
Z/Hé(? rﬁagf_ni_ts%aﬂ? n Otl(% éémoiv%m(eﬁ,‘ nglhj(tors of anglogqqgﬁlsgmdlﬁle‘ef (s, 2H
3-am no- 1H Mafr@le% oA (ﬂlefﬂo%ﬁf)@ﬁﬁlé Qée‘;ﬁts( ﬁl@luge %rlo4ﬁ1@(mtEV‘ﬂ® Qéﬁ%cﬁx@ﬂil' n

et hanol (30 nlL) Formam di ne acetate (14. nmol ) was added, and the
m xt ur @hams.),hBartedomd r VELKADESR), nlbdﬂhnnfﬁhe Prlnarmu)t; eFulxsstfant t GrASL.OBEXEhe

tri tur ATBREeh mfw%@rﬁﬁt@”‘i@wgﬁ o Afgols, G VR QYRS S matait
M Xt ur gnddflags LEEVm@ OX¥vartis wmgfym( 2221’]59W(N@vdﬂt1@)3 @xagmwmlekﬁl@ld

d]p rimdine-7-carboxylate as a solid.

eth | 4- hydrox rrol 053
RS ( 4Gonai > BHEG- Broeng ésquyormH}iapmycm (Solime. RAP@M@E@ Yeth)-00

1
Ensxt o waphilf (EScpKRed: GSKS AR oidkortmih Ky Tchalifuip TS GER) [Serdteddi
25 et hXNEKAWAIR@yBGWﬁy nfiedtedad, 4€QII\WT®SAR®1EPY12&§U hak yGefitnik 3(IRE§BA\®,S

suspended in phos‘gqt;o I chl oride (30 |), and the m xture was
heat ed Ayaferacak AV TH 157#h(c§UnS>2t7 h,r §um élészsllatéeg agentytseeh @ tthiokPRendand

SR PP, g oA s 6.0 0

4- @Bl omeriitepysuchl a DeRzalopy,r lcaiﬂadqmﬂmemﬂedapd adrel asedapa;,l athlykenirsmaeranf2. 78
, 949 1H N 30(40Q

(4, 3 /‘)n?fﬂzylﬁ?e ame(s MWI& piztamal, Hztnet% nerﬁ%@ﬂ(ee traethﬁerfphgspﬁ)gmmd%t ep
D: Et hyh e 22
o} LSRR 02T PSSy, 22
0 C. Shullatacihgmi)i alean{iBodiedin (mckmdmglth@s}mthem:anﬂog@pman)ahd@dgatla,mllyhmn

i xt for. 20 t Met h di de (165 L 2. 659
ol ) ek T o s St Rbinr GRS PO s o b e et FES The
i 26 Ur @pavBaSul Sl r&?ﬁﬁgpﬁ/ychh 12HR Nir o s B 189€ doRkstatihORusRRmSihr aﬁélaahngﬂ thi

di chl oronmet hane three tinmes. The conbi ned extracts were washed with brine,
dried év@hets-‘o@n@iﬁg% uKﬁ’é‘tzé8%1rﬁtlldc€|BdeﬁM1éat ebutterbinr pafwrgiistadios ta mssoqugmm ed

veor iR cRpgS PRINe-AC R 35 fitbbich JnoRusadlsn B Thdutids”

4-chl Ol’egraﬁmlimhéWﬂfos‘fzhhﬂEr fr&blﬂb&ﬂﬁmﬁh@Mﬁédﬂl&bﬂh@m?neC@ﬁ@@hydh@blﬂoﬂae amapheugh (380
ng, 72%. 1H NMR (500 MHz, DMBO-d6) 6 8.77 (s, 1H), 8.65 (s, 1H), 4.30 (q,
J= 7. 1npyembighin, phargsierne, mydnlmustzne( ttrofgsfarpide, ppacilappstagdy Aispsairony sugloras

L e o e

vver e diassthevenkdiynewahbiofids0qe.g,, &alithégmiaing epedigty thcheammmegzhﬁmbll Anétic
acid (13. added by addition funnel over 30 .m nut

nL, .0.234 mol) wa

mai nt ai° ﬁ‘ﬂ%&a&l}%n %ﬁgﬂémﬁgw @emh@ﬂr Evé Engl (18803 15 - B88):dynemeein, éé@?&‘&&

m xt ur n e t I P t re.
A rer R PP PR clo B A S i s el A5 Rk SRl

et hyl asbwinapboxe2a)d refited cbrdmopecker gwalmlel aybictionehremdphaes)paeracinaigpsss, um
su gate filtered and concentrate to}g
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give 25 (E)-2-am no-2-o0xo-N (tosyl oxy)dceti m doyl cyanide (11.01 g, 92.6
% . 1H NMR (500 MHz, DWMSO- d6) 6 8.22 (s, 1H), 8.16 (s, 1H), 8.02 (d, J=
8.4 Hz, 2H), 7.54 (d, J=8.1 Hz, 2H), 2.45 (s, 3H). Step C. To a
stl rred suspen5| on of (E) 2 Am no- 2 0X0- N—(tosyl oxy) acetl mdoyl cyanl de
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35 J=7.1 Hz, 3H). Step D Ethyl
4- am no- 3- car banoyl i sot hi azol e-5-car boxylate (7.44 g, 34.6 nmol) was WO
2011/ 0259%O0RCT/128R2010/ 046955 5 di ssol ved in a m xture ofcetusgétoonddkdf or mat e
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t enper atreptenigrinl, sttﬂ&ptoﬁbﬁﬁ,l unbératdﬁd Lfb@ﬂllhﬂ!XQ@lhbﬁ@ﬁIﬁ@OhLbl(ﬁn | dntiafnetabolites gickies
et hyl ydr oxyi sot hi azol o[ 4, 3 lgj?y“ m di ne- 3- car boxyl ate (6.43 83 % .
1H NI\/R“(e‘Eth‘ llomlyace‘ bt folic agi1gnalags jsych @5 deppptern.gmeihgirexpte,7. 1

Hz, 2 (
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, 26 15 mmol.) dissql ve etonltr 25 nd 2,6-1utidine (1.23
10 0 St digsaong bcpiupis TpiOYE né@?%@uwe T SYchas Galusteront,
phOSph@fdfﬁos@dﬂoan'edEro&)ﬁbr%ﬁj PitiosPndP %ﬁit%sﬁé’ﬁé adeedidR; IHE-d8akls QhcHNxt ure
in a drop-w se i on and heating continued for an additional 2 hours. The
r eact i eminvghitethenvlesmithiene,dolsistade;t folic acih replepishatsucie ag frdlifie-atid adeglatomol e
(1.56 22. was. added Th reactlo ture was t|r at
Foom t SBRePIPE s Al Right S eteShiai 381 sS Tudl St HPUHCE HieBba on
for 1 eliditiete; @tefablife; demetdlOife;HiadidioReV@formittiAvRHiptiaiueh h(feteft@ran%ﬁothllone
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pr é3sue@ghisit; gallium @Ha@yhﬂraﬁs)hlr@aq rlmamg}p@zdmlneomgmesmmywch as maytansine

7- di 3- bax t 312 6 1H N
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1.35 (lp1ra1:111§1cYn 1 lbkoxadirhne; “@oﬂ”blihyﬂuﬁ25 alidf Meldth dylﬁﬁﬁ&ﬁfr@ eprBarbazine; HRIK®
i

Et hyl 7-(ethylam nO)ISOthI azol o {4 3-di pyri mdi ne-3-carboxylate Step A To
a sti r Pelysapcharifieecoshplex KIS Naiyig 8}2@4@& ugenst, §PR); Jaghxane; thizoxin; sizofiran;

rim 0 0 .0 232, 0
0y2 m)?l; Fﬁaénéggad&é%&ggrﬁéo c?(?atrgiz c%og? i) r| s} id}o‘%ﬁ{ yﬁ%ﬁ% ff) 0S ghgﬁ%im
heX@f | (spepibshilatosin ¥ofi8cunmy, ADrcﬁ)iBl&BAniﬂd) arfgﬁlidlﬁnbﬁdreman deesme dacarbazme
1, 8-di azabi c cl o[ 5. 4. }é‘]un(gec 7-ene (432 uL, 0.00288 nol). Aft é"l ve
m nut eSABEH %&Wienem}j% op: pribpleeiglt ﬁrmbg}m%eg%%m%narﬁ?%ﬂ © §6r2-¢"):;
m nut e @) ggr Shanfacthiok mtéma@ Wg%@bew@a&mﬁ&q B VOAUSL ARB RO for
one hour. The reaction xture S concentrate er uce pressur and
puri f i &dnggjor,| aSH.)c hrABRASHNIHY (Cregiopboefrbg)l all@mm-engmeered nanoparticle
2011/ 025 94 PCT/U201 046955 5 ) ..
7-(eth YT & tl?ﬁcg%é ?Aim%n%ﬁlpyl?l}amla‘?%cd Faressy Sghanmbesg [ijnoisly gpd
{:—D% dzTﬁ((%EER%@ (H@}?éﬁ:xel Jlgbldﬂw?ogg&g RV, A%( 92 Ebﬁhc aﬁo&&nb&w G]@M‘Z%l(@H)
1.22 ( (gem}:ﬂgblng) @thuzgp@mnwgﬁm:@tep@g@, gle[hwn;g;ate platmum analogs such 'as cisplatin

and carboplatin; vinblastine; etoposide (VP-16); ifosfamide; mitoxantrone; vincristine;

NAVELBINE® (vinorelbine); novantrone; teniposide; edatrexate; daunomycin; aminopterin;
capecitabine (XELODA®); ibandronate; CPT-11; topoisomerase inhibitor RFS 2000;

30  difluoromethylornithine (DMFO); retinoids such as retinoic acid; and pharmaceutically
acceptable salts, acids and derivatives of any of the above.

Also included in the definition of "chemotherapeutic agent" are: (i) anti-hormonal agents
that act to regulate or inhibit hormone action on tumors such as anti-estrogens and selective
estrogen receptor modulators (SERMs), including, for example, tamoxifen (including

35 NOLVADEX®; tamoxifen citrate), raloxifene, droloxifene, 4-hydroxytamoxifen, trioxifene,
keoxifene, 1.Y117018, onapristone, and FARESTON® (toremifine citrate); (ii) aromatase
inhibitors that inhibit the enzyme aromatase, which regulates estrogen production in the adrenal
glands, such as, for example, 4(5)-imidazoles, aminoglutethimide, MEGASE® (megestrol

acetate), AROMASIN® (exemestane; Pfizer), formestanie, fadrozole, RIVISOR® (vorozole),
53



Et hyl 7-(cycl opropyl am no)i sothi azol o [4, 3-4pyri m di ne-3-carbox_yl ate
The title conpound was prepared using a simlar procedure as described for
Exanpl e Axousimgsagcl opr opanam ne i n place of ethyl am necgas201biouddsR (400

(s, > 10 P RR D, Berdeos ey Sy e ADEAS oo i " (el (igge
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et hyl | SOSTHITE0S (& S Tue oo PIoSBE ey ek g B A bR
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at 180 g@leSTllneSIgmlmgl mathwdyowinyplicateded atariantacdl pedlideratiars sobb exsy §at example,
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[ Mt ] (®5egample, AL ®o LEUVECTIN®, and VAXID®; PROLEUKIN@ rIL-2; a

7- 7 d h d (2..61

oty et Rk SR R R PO AS AR R R olsbimetiert, o
heat ed a@énts'l.ﬁﬁh@s b&acuthab TAV ASTAN®I, ClRnéitddhf R) PBYX/ARTHETORPatHWHy igkibRss0 S50
mL |ce water The brown solid was 30 collected by vacuumfiltration to

%, 7- di hydr oi sot hi azol o[ 4, 5-d] - pyri m di ne- 3- car boxy|GRCLHY

(75 B B8 2l Sl 0 B SRR B,
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pyri ni ibytogs; @aﬁ mmagepfically accepglql)epsa,&s acids and defivatives of any of the above.
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[ 1 t
Sy asilaab, WL ARG ohEndll el Blacizumab, bivapgora, meytgnsipe, conticugb
l;II\/R ( gﬁéérthdrﬂne 20%%1:11;13@) tcgrtd%m%i’ab( Spegdll;b c1dﬁs&421(rﬁab 1bi)dtuzﬂln1418 db.cﬁﬁnﬁzmst
y ep
c Et h§§u &umh»r %IZBmﬁEt KprafuruERb] @ﬂm&}a&y rﬁelrﬁl%nm?@ 7foe§ah%ea9h>,ag@ntt@u§@b g,
2. 0 0
3§ nHEHg)anﬁ‘aH %n&uhﬂﬁéﬁj 2&§g£191cﬁ[ émgnﬁﬁllaé !fmtéﬂo] ég}ﬁ%r il pon @Jbvqﬂathf'umab

acetonitrile m_, eat’e L ehperat ure
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addi 1 1 BRI AR OCTeHFEmARa c PRANFRRAD: | Bl iAWy | RERe A BUREBM E@#B&Pambe and
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fedtt i B o bRsY SR AR BRn ity ety drafinenfeabeny
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89 WD 2011/ 025940PCT/ US2010/ 046955 5 stirred at roomtenperature for 1
hour and then concentrated to renove the solvents. The residue was then
redi ssol weo 20n/@40l. water and acidified with 2 drops ofPCglsetalos@set i c
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- bi s( divpde i QSTH{%H(%PH ﬁbﬁ&%@gﬁ]fgﬂ &P hlﬁf&?iﬁ@ﬁ(l:rrx?l‘ &iBikdids aqzlﬁqpég%ﬁts\%e{ g}/rinﬁf.

di chl or onet’hane™ 30 triethyl ammne
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aut ocl ave a the s SS th ni en for ve .m nut The
reaction vva g} ﬁggtﬁﬁ'e e@ﬁ?é&?ﬁ%ﬂﬁ?f’ﬂ@%ﬁu ?fé‘(‘.ferp(sa[?ya
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solid was collected by filtration, rinsed with nethano dried in a

vacuumlsspdrombidiash @m opbogms@mmmng/preg@ked silica gel cartrldges 1H NMR spectra were
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112p, 8p@dropseterlH), 3.93 -3.77 (m 3H). MS mz = 210.97. Step D
Met hyl 4-hydroxyt hi eno[ 3, 4-d yrlmdlne7carbox late (1.02 1\9{ 000485 nol )
was di ssol vel-NNEssrechnMers a@g@aﬁ\QDC@k IS, D, D;0, d¢-DMSO, ds-acetone

benzot rj I ar

(3220 o EOICE SR St TR Bk B0 | PRRRRAA Bl U 2L FE G En

0. 0063 :(lej) ‘M pprag@BeiODo 3 3h eppmn| HO: <m79 O THEDMSE 2.60 ppinX ditaeet MRS 2.05
stirred fqrcm 2]:%{35 before 2, 4-di met hoxyhenzyl am ne (1090 uL, 7.28 nmol)
was add8f POR) At edrierengs sepdarde When P%rﬁmlélﬁb‘éﬁla% eﬁeéemwdzlth@our s
S e SRR M L S i
fl ash dsaxtupdethgnalpiyltipldhe bp (lodeddnedp tddy (doublet of doublets) dt (doublet of triplets).

4- (2, 4- t hox t hi 3, 4- ni di ne- 7- car boxyl at
oot i e BEnR GRS Phe R b RSk G ARG 400 Mo "DNBG.06) o 10. 36
(s, 1H), 9.24 (s, 1H), 8.53 (s, 1HgxfmBRAd, J= 8.3 Hz, 1H), 6.62 (s, 1H),

6.51 (d, J= 8.5 Hz, 114 4.78 (d, J= 4.3 Fz, 2H), 3.92 (s, 3H), 3.81 (s,
3H), 3.76 (s, 3H). M5 miz = 36B-RafICs AssaProgodsl Met hyl

4- (2, 4- di net th di ne- 7- car boxyl at 14
0. 986 @F?A%gfé*ﬁ.oi‘éo ISR ol BRI A fieestel B Harhrciee
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reaction mxture was stirred at sgo C for 1 hour. The reaction m xture was

concenPhatelegicsubstipealB-Rab apersding Ui Pagnthpelf PulicatiorsiNe. 2004411 27486 andt h 2
drops ggc i C ) g.t reci Was coI ect by
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(s, 3H, 3.75 (s, H). M5s mz = 346.1. Exanple BC NN COCH 0

304- (2, 4- D net hoxybenzyl am no) pyr rol oll, 241[ 1, 2, 41tri azi ne-7-car boxylic
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Step A- To a solution of 4-chloropyrrolo [1,2-f] [1,2,4]triazine (3.00 g,
19 5 mmol ; Leadgen Labs) in DMF (35 nL) was added N-bronosuccini mde (3.51
g, 19 7 mwolprians@oC, and the reaction m xture was stirPrea/s010/0&ss5dHr 90
m'ngtese.X éggﬁgg&:&; dilution with ethyl acetate and addition of a saturated
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fforded 4-(2, 4-dj net | ani | 41[ 1, 2, 4] tri azi ne-
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1Hpo 8.fé&hd 5 hatéhn IGWF 16 thanldbout YL (m 1H), 7.13 (d, J 20= 8.3 Hz, 1H),
7.07-7.03 (m. 1H), 6.59 (s, 1H), 6.48 (d, J= 8.5 Hz, 1H), 4.63 (d, J= 5.3

Hz, 2H), 3. ghecompgpyds of, s 1324, 28r34z 37R8, MB03 53, §IH1L]59, EkAhpTe7s. 25
4- ani | | - di j i di ne= 7. N '
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N- ( 3- Arini05@ ofttedd thhnl00@AaRENY 1) - N- benzyl propane- 1-sul fonani de (340 ng, 1.0
nmol ) was dissolved in toluene (4 nL) A solution of trinethylalumnumin
hexane (2 M 0.5 nL) 30 was added dE¥dMpledB The mixture was stirred at room

tenperature for 2 hours. A soluti of ethy
4- chl or o- 5- et hyl - 5H pyrrol o[ 3, 2-d] 'de§-7-carboxyIate (200 ny, 0.8
mmol ) was di ssol ved in toluene (@ /87 4-di oxane (4 nL) and was added

to the reaction mxture. The m xture was st ed at 60 C overnight. The

m xture was quenched with met hanol© anl 2§~AC1.® The ni xture was applied to a
Varian Chenelut cartridge, eluted wth dishl oronet hane and ethyl 35
ac?éate, and concentrated. The crude produ¢t was purified using flash
chromat ogr aphy (gradi ent el ution:0-100%t hyl acet at ei nhept anes)toyield WO
2011/ 025940PCT/ Ms#/10/63di6856% - 5-(M(Hdpylsulfonyl)propylsulfonamido)benzoate
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suspendegtib filasis e tieidufe ATTHIEA A TarS ORGPV real PR 1dgirdd indorder ) thEhe
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gas wageastian tareadly eometietidnensideteemingd byrithet agnged evhhution at No opombisthbeatdisibnof a

neat o TR il Ve et 190 Co RS el TR B e P e

The m xblid €1 3vIg). UheGRatEed tWatkgdn ANdclPaste Sty o silica. The crude product
was purified usingpflash chromat ogr a

. phy
(gPadi ent el $teroRudPrgovtddiben ajivaicd catben thdpicahd8)mmol) vag added to a 1 L flask
4-anino-N—(3-(N—benzyIpropylsquonaniﬁg%-Z,G-difluorophenyl)-S-nethyl-
5H pyrrol o[ 3, 2-d] pyri m di ne-7- car boxa e (204 nmg, 749% . 114 NMR (500 MHz,
DMSO-d6) 8 10.19 (s, 1H), 8.26 (s, 1H), 8.12 (s, 1H), 7.37 - 7.21 (m 6H)
7.13 (t, J= 9.1 Hz, 114), 7.07 (s, 211), 204.78 (s, 2H), 4.09 (s, 3H), 3.27
(s, 211), 1.90- 1.73 (m 2H), 1.01 (t, J= 7.4 Hz, 3H). Step C

o . Y Y




WO 2011/ 025940PCT/ US2010/ 046955 54- Ami no-t hi eno, 2pyri m di ne-7-car boxylic
acid (3 -ethanesul fonyl am no-2, 6-di fl uoro-phenyl)-am de Step A
N ( 3- Am rwo2pti/dsdf4buor ophenyl) - N-(4 met hoxybenzypet hanegalrfuse@wios®sg 428 ng,

{71 vt Rt b siebob St (¥ a0k 8 i dbaner e on
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4- chl or at hi eno[ 3, 2- Cl]pirlmdl ne-7- carboxyl ate (229 r}% 1. 00 mmol) was

added THXtFg fordSImippish ABe Fagkn @IxtusvastsETed sndaritwg Heibellgews %@gngltt; rihed at
80 C oy, r t

uenchid oy R ey B8Fed SO Al HAR R e EH SuloBAT (R B dlihuhd
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vvaioappl i ed ta a Varian Chenel ut TM cartridge and eluted with ethyl acetate.
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1H) Oﬁ@tP‘/RBthtepm 3, 8.6 Hz, 1H), 7.24 -7.15 (m 3H), 6.85 (d, J= 8.7
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adaed. aHafaRaLbhAG.RE 0LL BN Y8 AERLSM.LPLRELLEAG BPG ARSI EA-AR" 20
m nut es Ilec room tenperature resu ng solid was
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4- ami nbeXaoes t‘Ba@‘i’FFil%@hﬂ%ﬁ(dﬁﬂ‘(‘ﬁoﬁe@ﬁ(ﬂwwg@ﬁ@t)wypﬂuIQ‘BMWW@@W? 7% Ri eno

[I\/I?-)lz, 2" %; g %3§§§ld?‘3 77 itgb?{)b%gwg?mgw& ariol )%355%455@/%%1) %%( 400

7.32 - (i, D), 8197 (4 BH), ¥68-3.50t(m, IH),3.33-345 (RHH), 8.085 .§%(m,J#)81. 70 {2/ =24)Hz,6. 78
- 6 7%6&5”#?@:@61@&/?(53% 3043 (s, 3H. 3.28 (s, 2H, 1.31 (t, J=7.3

4-Q\5n no- N- (2, 6-di fl uoro-3- (N- (4- nmet hoxybenzypet hyl sul f onam do) pheny1l) -

t hi eno[ 3, 2-d] pyri m di ne- 7- carboxam de (435 ng, 0.815 mmol) was dissolved in
di chl oronet hane 35 (4 ni, 60 mmol) Ixwnpleid | uoroacetic acid (4 nL, 50 mmol)
was added. The reaction m xture vas stirred at roomtenperature for 4 hours
and then concentrated to renove thg~d hboborret hane and trifl uoroacetic
acid. The resulting oil was reghssg ( ethyl acetate and washed once
with water. The organic | ayer was[ dr ed ver magnesi um sul fate, filtered,
and then purified by flash chrom& ogfaphy (40 g colum, 0-50% (20%

MeOH: di chl oronet hane) : di chI or onet hane) The 94 V\D

2011/ 025940PCT/ US2010/ @4 gitlp Xpaszoaeaad concentrat ed to

cther o PelhRgH oGt aggw“’?s??@gﬁzaQh&%ﬁﬁwagﬁﬁs%?é%% sqibfltyof fiafhd
VagelunN @V@ERueNes-W-gpto y@um:ﬁ/hzﬂrcﬂ;ypsmm@aﬁlhbwaﬁio%:@ -@dd.py i soci NBmbt 30@{ bpxylic

acid (3 et hanesul f on am no- 2, 6-di fl uoro- phenyl )-am de as a solid (167 ny,

5099 . THF{MRR (226aniv-:2MpnEte d@ctlgn XS Wvas Stirpgd atgoqm temyperapyye ogeroight. s

(1(:?:1 ] Tﬁg nﬁa?on};f %e or%?bug ?dév \%rere t%e% r%}ng’v?_ém Vfﬁsﬂ? (\%&‘tﬁrgjagl% {_e%ﬁp H;ﬂxg 3542893H)
LC/ MS: INTECHA40 2hl])Miak]slowly addedHy @tgahBsurd, and thdebkalving Solidwhefilleredael misepar ed

accordi n% to the procedure_described in Exanple 2 USIWQ)% appropriate .
st arti MAORREF (4155 50 My p) e mptesiah was sheny ovaghed NitheERB ¢ 3 15 mI)NOREeno.

35 2,6-difluoro-3-(propylsulfonamido)benzoic acid as a solid (10.7 g, 77% yield). 'H NMR (400
MHz, DMSO- dg) 6 9.74 (s, 1H), 7.57-7.50 (m, 1H), 7.23-7.17 (m, 1H), 3.11-3.06 (m, 2H),
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(400 MHz, DMSO- d6) 3 N--=NO0Cl 09 \/NN-Sii H O H2NsH
4- Am no-t hi eno[ 3, 2-d] pyrimdine-7-carboxyl ic acid (6-chloro-3-ethanesulf
onyl am now®-2biumsmeph enyl)-am de 430.2 [ M1l] 11.48 (s, PCHUS200086965, 1H),

Example D
F

0
HO 57°

Lo\
o) Fo-s;o

2.6-Difluoro-3-(N-(propylsulfonyl)propylsulfonamido)benzoic acid

10 Propane-1-sulfonyl chloride (1.225 mL, 10.92 mmol) was added to a mixture of
3-amino-2,6-difluorobenzoic acid (0.573 g, 3.310 mmol), triethylamine (2.030 mL, 14.56 mmol)
and CH,Cl, (17 mL, 0.2M) cooled to 0°C. The reaction mixture was allowed to warm to room
temperature and stirred for 1 hour. The mixture was then partitioned between saturated NaHCO;
(100 mL) and ethyl acetate (75 mL). The aqueous layer was washed with ethyl acetate (50 mL)

15 and then acidified with concentrated HCI to a pH of about 1. The acidified aqueous layer was
extracted with ethyl acetate (2 X 50 mL), and the combined ethyl acetate extracts were dried
(NapS0,), filtered and concentrated. The resulting residue was triturated with hexanes to afford
2,6-difluoro-3-(N-(propylsulfonyl)propyl-sulfonamido)- benzoic acid as a solid (0.948 g, 74%
yield). 'H NMR (400 MHz, DMSO-dq) & 7.90-7.84 (m, 1H), 7.39-7.34 (m, 1H), 3.73-3.58 (m,

20 4H), 1.88-1.74 (m, 4H), 1.01 (t, J=7.5 Hz, 6H). m/z (APCI-neg) M-(SO2Pr) =278.1.

Example E
HO .S”

N
o d

2-Chloro-6-fluoro-3-(propylsulfonamido)benzoic acid

25 Step A: Into a 20-L 4-neck round flask was placed a solution of
2-chloro-4-fluorobenzenamine (1300 g, 8.82 mol, 1.00 equiv, 99%) in toluene (10 L),
4-methylbenzenesulfonic acid (3.1 g, 17.84 mmol, 99%), and hexane-2,5-dione (1222.5 g, 10.62
mol, 1.20 equiv, 99%). The resulting solution was heated to reflux for 1 h in an oil bath and cooled.
The pH value of the solution was adjusted to 8 with sodium carbonate (1 mol/L). The resulting

30  mixture was washed with 1x5000 mL of water and concentrated under vacuum. The crude product
was purified by distillation and the fraction was collected at 140 °C to afford
1-(2-chloro-4-fluorophenyl)-2,5-dimethyl-1H-pyrrole (1700 g, yield: 85%).

Step B: Into a 5000-mL 4-necked round-bottom flask purged and maintained with an inert
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H2Ns 1HCI 4- Ami no-thieno[ 3, 2-d] pyrimdine-7-carboxyl ic acid
(2-chl or o- 3- et hanesul f onyl am no-6-fl uoro-ph enyl)-am de 430.2 [M+1l] 11.51
(s, 1H), woe@Ri(ms94aH), 8.96 (s, 1H), 8.55 (s, 1H), 7.96P(C3/US2Mp/0460587 (dd,

07 o 0 ol gl Wb [0 Tl Tt
pyri m dz,6elimethal bxpyirolec(380ig0l 1[68-mdl| 000-equifvl 08%6D irBtefraipydopiarear 208U hIgnYham
R RS TR - AN KA R )

1.10 equiv, 2.5%) dropwise with stirring over 80 minutes and methyl carbonochloridate (215.5 g,

2.27 mol, 1.20 equiv, 99%) dropwise with stirring over 90 minutes. The reaction solution was

10  further stirred for 60 minutes at -78 °C and quenched by the addition of 1000 mL of NH,Cl/water.
The resulting solution was extracted with 1500 mL of ethyl acetate. The organic layers were
combined, washed with 1x1500 mL of water and 1x1500 mL of sodium chloride(aq), dried over
anhydrous magnesium sulfate, and concentrated under vacuum to afford methyl
2-chloro-3-(2,5-dimethyl-1H-pyrrol-1-yl)-6-fluorobenzoate (crude, 566.7 g).

15 Step C: Into five 5000-mL 4-neck round-bottom flasks was placed a solution of methyl
2-chloro-3-(2,5-dimethyl-1H-pyrrol-1-yl)-6-fluorobenzoate (1500 g, 5.05 mol, 1.00 equiv, 95%)
in ethanol/H,O (7500/2500 mL), NH,OH-HCI (5520 g, 79.20 mol, 15.00 equiv, 99%), and
triethylamine (2140 g, 20.98 mol, 4.00 equiv, 99%). The resulting solution was refluxed for 18 h
in an oil bath, cooled to room temperature, concentrated, and extracted with 3x3000 mL of ethyl

20  acetate. The organic layers were combined, dried over anhydrous sodium sulfate, and
concentrated under vacuum. The residue was purified using a silica gel column eluting with
PE:EA (20:1-10:1) to afford methyl 3-amino-2-chloro-6-fluorobenzoate (980 g, yield: 95%).

Step D: Into four 5000-mL 4-neck round-bottom flasks was placed a solution of methyl
3-amino-2-chloro-6-fluorobenzoate (980 g, 4.76 mol, 1.00 equiv, 99%) in dichloromethane (8000

25  mL). Triethylamine (1454 g, 14.25 mol, 3.00 equiv, 99%) was added dropwise with stirring at 0
°C over 80 minutes followed by the addition of propane-1-sulfonyl chloride (1725 g, 11.94 mol,
2.50 equiv, 99%). The resulting solution was stirred at room temperature for 2 h, diluted with 1000
mL of water. The organic layer was washed with 1x1000 mL of hydrogen chloride and 1x1000
mL of water, dried over sodium sulfate, and concentrated to afford methyl

30  2-chloro-6-fluoro-3-(propylsulfonamido)benzoate as a brown solid (1500 g, 97%).

Step E: Into a 10000-mL 4-necked round-bottom flask was placed a solution of methyl
2-chloro-6-fluoro-3-(propylsulfonamido)benzoate (1500 g, 4.61 mol, 1.00 equiv, 95%) in
tetrahydrofuran/H,O (3000/3000 mL) and potassium hydroxide (1000 g, 17.68 mol, 4.50 equiv,
99%). The resulting solution was refluxed for 2 hours, cooled to room temperature and extracted

35  with 3x2000 mL of ethyl acetate. The aqueous layers were combined and the pH was adjusted to 2
with hydrogen chloride (2 mol/L). The resulting solution was extracted with 2x3000 mL of
dichloromethane. The organic layers were combined, dried over anhydrous sodium sulfate and

concentrated to afford 2-chloro-6-fluoro-3-(propylsulfonamido)benzoic acid (517.5 g, yield:

37%). 'H NMR (400 MHz, CDCl3): 6 1.058-1.096 (m, J = 15.2 Hz, 3H), 1.856-1.933 (m, 2H),
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(t, J= 0.
0.99 (t,

1 Hz, 1H), 3.18 -3.09 (m 2H), 1.77 (dd, J= 15.2, 7.5 Hz, 2H),
J= 7.4 Hz, 3H 6 NN=---N2 \ /NS 0. H2Ns iHH 0

4- Am no- twoenof@sfed] pyrim di ne-7-carboxyl ic acid [2, @cuitshaoness3s ( pr opa

ne-4 - syl
5ooh (o7

e T P

1H) , 7. 3E)((ES, dvz)M+HF,296H) , 3.18 - 3.09 (m 2H), 1.77 (dd, J= 15.2, 7.5

Hz, 2H), 0.99 (t, J=7.4 Hz, 3H 7 C la 1 \NNHu J.,1 H2NsH
4- Am no-t hieno[ 3, 2-d] pyri m di ne-7-carboxyl ic acid oro- [6-chl2-fl3-(
uor o- Example F
Cl
HO AN
0] F H
10 Benzyl 6-chloro-2-fluoro-3-(propylsulfonamido) benzoic acid

15

20

25

30

35

Step A: A flame dried flask equipped with a stir bar and rubber septum was charged with
4-chloro-2-fluoroaniline (5.00 g, 34.35 mmol) and anhydrous THF (170 mL). This solution was
chilled to -78°C, and n-BuLi (14.7 mL, 1.07 eq. of 2.5M solution in hexanes) was then added over
a 15 minute period. This mixture was stirred at -78°C for 20 minutes, and then a THF solution (25
mL) of 1,2-bis(chlorodimethylsilyl)ethane (7.76 g, 1.05 eq.) was added slowly (over a 10 minute
period) to the reaction mixture. This was stirred for 1 hour, and then 2.5M n-BuLi in hexanes
(15.11 mL, 1.1 eq.) was added slowly. After allowing the mixture to warm to room temperature
for one hour, the mixture was chilled back to -78°C. A third allotment of n-BuLi (15.66 mL, 1.14
eq.) was added slowly, and the mixture was stirred at -78°C for 75 minutes. Benzyl chloroformate
(7.40 g, 1.2 eq.) was then added slowly, and the mixture was stirred at -78°C for one hour. The
cooling bath was then removed. The mixture was allowed to warm for 30 minutes and then
quenched with water (70 mL) and concentrated HCl (25 mL). The mixture was allowed to
continue to warm to room temperature. The mixture was then extracted with EtOAc. The extracts
were washed twice with a saturated NaHCOj solution, once with water, dried over sodium sulfate
and concentrated. The resulting residue was purified via silica gel column chromatography (30%
ethyl acetate/hexane) to produce benzyl 3-amino-6-chloro-2-fluorobenzoate (4.3 g, 45%) as an oil.
'H NMR (DMSO- ds, 400 MHz) § 7.37-7.48 (m, 5H), 7.07 (dd, J= 8 Hz, 2 Hz, 1H), 6.87 (t,J= 8
Hz, 1H), 5.61 (br s, 2H), 5.40 (s, 2H).

Step B: Benzyl 3-amino-6-chloro-2-fluorobenzoate (4.3 g, 15.37 mmol) was dissolved in
dry dichloromethane (270 mL). Triethylamine (5.36 mL, 2.5 eq.) was added, and the mixture was
chilled to 0°C. Propane-1-sulfonyl chloride (3.63 mL, 32.3 mmol, 2.1 eq.) was then added via
syringe, and a precipitate resulted. Once the addition was complete, the mixture was allowed to
warm to room temperature, and the starting material was consumed as determined by TLC (3:1
hexane:ethyl acetate). The mixture was then diluted with dichloromethane (200 mL), washed
with 2M aqueous HCl (2 X 100 mL), saturated NaHCOj3 solution, dried over sodium sulfate and
concentrated. The resulting residue was purified via silica gel column chromatography (40%

ethyl acetate/hexane) to produce benzyl
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propane-|-sul fonyl am no)-phenyl]-am de 444.0 [M1] 11.47 (s, 1H), 9.90 (s,
1H), 8.98 (s, 1H), 8.55 (s, 1H), 7.97 (s, 2H, 7.49 - 7.36 (m 2H), 3.18 -

3H2)7 (m W(H)ZDIHQ';D&MO- 1. 6(7 (m H)ZH) 0. 9(7 (t, H?]- 7.4 Hz, 9HT/U(SV®0/0!4_2955
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N-(3- anlno 2-chl or o- 4-fl uorophenyl)- 2-nethyl propane- 1-sul fonam de (1.00 g,
3.75 mmol) was added. The reaction m xture was stirred at 55 C for 90
m nut es, cooled to roomtenperatureEaxampié Guted with di chl oronet hane and a
saturated solution of NaHCO3. The | ayers were separated and the aqueous
| ayer extracted with 25 dichloroffe{#ane ¢2x). The organi cs were combined,
dried with sodiumsulfate, filtereg d cgnhcentrated in vacuo. The crude
product was purified by flash dhNomafog apﬁy/\b afford
4-chl oro-N-(2-chl oro-6-fluoro-3 -(2-Aret hyl propyl - sul f onam do) phenyl )t hi eno
[3 ,2-d] pyrimdine7- carboxanlde,%o 16 g, 72% . Step D: A seal ed tube was
char ged with 4-chl or d-fN-Aminer?drdiflgorophen bpropaney 1 -sulfonamide
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7. %7 ( tWas‘%led w1t1‘1 s%u?rateﬂq. NQ’aIQéO3 sdlutlon andsbrlne. Tﬁe solvgnt2v9as Cejrtnoved und%r réduced
pressure, and the residual purified via silica gel column chromatography eluting with 30/70
EtOAc/hexane to obtain 2.03 g (55%) of the title compound. "H NMR (400 MHz, DMSO- ds) &
9.32 (s, 1H), 6.90 — 6.80 (m, 1H), 6.51 (td, J = 8.7 Hz, 5.5 Hz, 1H), 5.28 (s, 2H), 3.05 —2.96 (m,
2H), 1.82 - 1.64 (m, 2H), 1.01 —0.90 (m, 3H). LC/MS: m/z 251.1 [M+1].

30
Example H
Cl
: 0 0
\\S//
HZN N’ ~ N
F H

N-(3-Amino-4-chloro-2-fluorophenyl)propane-1-sulfonamide

The compound was made using the procedure described in Example G using
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2.32 rrmbpylmlﬁ}mrrﬁdb)bamort @@mmﬁ nsteﬁ:m AHNMRT(rﬂBO(MHZ rmMsax- &) O Fags,

added ?é&eﬂ) éﬁ |de é590 ulL é 18 ulL, 0.23

mmol ) . % stllﬂ)e51§9§5 ﬁ)f}@%l t95r(68H)i]ef3rbér1zﬁ41(F’é21fBrog6 Hodi-and

t hen cgmtm&g@lwqfuo The residue was dissolved in chloroform15 (15

m.), and N-(3-am no-2, 4-di chl or ophenyl ) propane- 1-sul fonam de (329 ngy, 1.16

rrm)l) and pyridi ne (94 uL, 1.16 nmol) were added. The reaction was war ned
5 C, stirred for 2 hours and thgn co entrated in vacuo. The crude

pri') uct was purified by chromatogra Eﬁi"‘nB ing with ethyl acetate/hexane

(1:1) to obtain 4-chloro-N (2, 6-gi chl oro-3-(propyl sul fonam do) phenyl )t hi eno

[3 2-ci] pyrimdine-7-carboxam dé (S5P ny, 94% . Step B:

4- Chl or o- N- (2, 6-di chl oro-3-(pr % Q&R do) phenyl )thieno [3

, 2-d] pyri m di ne-7-car boxam de ? 0 :g D. 35 nmmol ) was di ssolved in

isopropanol (8 mL). Ammoni a gas was “passed through the solution for 15

m nutes. The m xt UNE3VRSiIMEALRIEr]-B-fRioPSpht WA EpanBACtBfondhidt20 C for 2

hours, concentrated in vacuo, and then purifred by preparative HPLC to

obtain 25 4T&ei m;npq“némwaﬁ 3made cusingoythé npraceveue - deaerledy lin cExample G using

2, 6-di | f h | F 37 1H NMR
(400 NS BRSSPSR AT L PG| RS Tor Y 25 8o -
1115 7pr8§y1éﬂfonMdo{Berﬁ&c(a&d alb"é)artn?g ﬁlﬁteh%l IH‘NMIB R0 MH2; @Mﬂﬁndsm 20%s,82 -

nh I-g I—% LC-MS [MF1] niz 460. 0. 30Exa Ie 10
N - NG Hifud (s 645340 o ¥ SHz 11, é}45¢9,rm 840R e 2% @ BERy 158
acid rq sul fonyl ani no) - phenyl ]
-am de[l%“l2 ?Plt"lleéict)wbgundﬁ%a Lé/g{g%g}vg&%usm g simlar procedure as
described in Exanple 9 WO 2011/ 025940PCT/ US2010/ 046955
Susi ngN- (3-am no- 2, 4-di f | uor phenyl) -3 -fl uoro-propane- 1
- sul f onam dei npl aceof N- ( 3- am no- 2, Efob‘PEhIJorophenyl ) propane- 1-sul fonanm de.
1HNVR (400 MHz, DMSO- d6)6114:6( 1H), 9.96 (s, 2H), 8.99 (s, 1H), 8.55
(s, 1H), 7.97 (s, 2H), 7.44 (d, J 60HD, 111), 6.54 (q, J7.5 Hz, 1H),
5.77 (s, 2H), 4.60 (d, J= 5.8 Hﬁ A9 (d, J= 5.8 Hz, 2H), 3.26 - 3.12
(m 414), 2.19 - 1.97 (m 411)H C— [ﬁ\/l+1] mz 464.0.

20

N-(3-amino-2_4-difluorophenyl)ethanesulfonamide

The compound was made using the procedure described in Example G using
2,6-difluoro-3-(ethylsulfonamido)benzoic acid instead of 2,6-difluoro-3-
(propylsulfonamido)benzoic acid as starting material. 'HNMR (400 MHz, DMSO- ds) 8 9.37 (d,

25 J=9.6Hz, 1H), 6.86 (ddd, J=10.7 Hz, 9.1 Hz, 1.9 Hz, 1H), 6.52 (td, /= 8.7 Hz, 5.5 Hz, 1H), 5.28
(s, 2H), 3.03 (q, J= 7.3 Hz, 2H), 1.25 (td, J= 7.3 Hz, 2.5 Hz, 3H). LC/MS: m/z 237.1 [M+1].

Example K

30 N-(3-Amino-4-chloro-2-fluorophenyl)ethanesulfonamide

The compound was made using the procedure described in Example G using

6-chloro-3-(ethylsulfonamido)-2-fluorobenzoic acid instead of 2,6-difluoro-3-
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10 Exanmple 11 / H2Ns 4- Amino-thieno [3 , 2-d] pyri m di ne-7-carboxylic acid
(3- benzenesul f onyl am no- 2, 6-di f| uor o- phenyl ) - am de
15N— (3- Amvoae/i2sdnf | uor ophenyl ) benzenesul f onani de (230 P0TMa$2010/08085 ol )

he o RBspEAhnBadi ol Kok Pad Rartite Ml ' RN G0N BMSO- g 948

pr epar éﬂ)a’SOE@hﬁlﬁ 881z, STz, BH) G’ﬂ@(t[ﬁac&3 Ha, m{)gtsmme(sm) B@&t(ﬁ,d]%(?.mz C
sti rregﬂéota}? hours, and then cooled to anbi ent tenperature and
concentfat bt (xhz 7ct Haes e AEMShmia 23 MYk di ssol ved in 1, 4- di oxane (6
m.), and anhydrous anmoni a gas was 20 passed through the sol ution for 5

m nutes. The vial was sealed, heated to 100 C for 5 hours, and then cool ed
to anbi ent tenperature and concent rEtadpleRurification via flash

chromat ography eluting with a grlgdl ent of 10 to 80 % acet one: hexanes

af forded 4-am no-thi eno [3 2-d] 7 car boxylicacid
(3- benzenesul f onyl am no- 2, 6-di f | ug m -am de (109.9 ny, 0.238 mmol,
29.4%vyield). 1H 25 NIVR (400 et T . 6 11.27 (s, 111), 10.27 (s,

1Hyo 8.93 (s, 1H), 8.52 (s 1H), 7 95 (s 211) 7.75-7.732 (d, 211),
7.68-7.64 (t, 1H), 7, X 7.20 LG/ MB: m z 460. 1
[M 1] ) Exan.pl e 12 lethalgesulfor@mld

4- Am no- t hi enofidre2s-HEN-3 -(at l@ﬁf%aﬁﬁ‘dé)@éi&bic%cﬁp?@ g, 12.0 mmol) was treated with
1-2, 6-di fl uoro-3-(furan-2-sul fonyl am no) - phenyl de

2011/ 0 250md PWPHdSI10MB 46288 BurBolT hed hdatddant odlpdomid lwass F‘fhd ecagBomgixursiwas| ar

d f | le. 1 ' : .
R (- A isBatd e (GEF EREHGSt Cih folSEie B s A0,mhik Ty T5pides v treated with a
N- (8- A@bmao@oﬂs@hmm@rdéqbqn Izbsb@ﬁmyeaukéloaarﬂ Weter {0 MWaﬁ&@QetM’éZ%’ZODP{EQ d6)
.3 11.34 (s, 1H), 10.58 (s, 111), 8.95 (s, 111), 8.54 (s,
1H), 72dst ptiringjay room wmppratwe for | lzcm)rg thy ijgmyedipte gey] aauds wag emaceedeetomﬂpylm

L MS: gFgé;%t(e: ﬁ’?Q 28 ngdl\ﬂ %&ed &%éaé@ HJ?I? glnfa?@é)nd[c%me%tﬁl emeg dﬂg Wle ?%&ﬂQ@&yl

acid 1 or o- uor O- pr opane-

- am de dioxane (4(Btrﬂp ahd Wared (5 allyt armanheated to reflux for 3 hours After coohng to room
4- chl or ot hi eno %@ ¥r| m di ne-7-carhboxylic acid (0.050 0,23 mol
pr epar &NREEAtY, é’ﬁﬁ%"@ gas etgstegyintodighlgromsthans (3x 29 “@N\ﬂ%e‘hﬂ’ﬂbﬁl@nﬁﬁ“ﬂm

ox@byl by |6 t0'ahd @ohdnfihiel! ?ﬁé)f@%fdn@%s(pqm% at ﬂggh%zh,;y;%gl )chrofnga{tj)#%@%g@%@ﬁdr op

e reaction mxture was stirre roomt rature m nut es
and t hesopopacant r at ed. The resi due dmﬂondmeﬂmhv)ed in 20 TdF (5.0 nlL)aféond

N-(3a ro-2-fl uor fluaro pan a 053
g 0. 19- R orad Gk gucrpRBe Rthe Hanartler To8 ar oes- 1Y ol Flr whidig

t hen COMSOLI RS ©C15 (Ihﬁ{)CMQG{d@rﬁﬁll'GW WA PHb] fiee.o4l@d )+ 8IHIS.1 He, 1H),

chromat ography, eluting w hexanes/ethyl acetate (2:1) to give

4- chl 0beNs, (B hO6(@-2= f713LHw2f @3- §.36 (tf V a0t DProPy). $0VMSnanti 203) pdnY). ) t hi eno
[3252-d] -pyrimdine-7

Example M

F
Q
H,N ”’S\W
Ci

N-(3-Amino-2-chloro-4-fluorophenyl)-1-cyclopropylmethanesulfonamide

Step A: To a solution of methyl 3-amino-2-chloro-6-fluorobenzoate (2.97 g, 14.6 mmol) in

30 THF (26 mL) and triethylamine (6.10 mL, 43.8 mmol) at 0 °C was added
cyclopropylmethanesulfonyl chloride (4.74 g, 30.6 mmol) dropwise. The reaction mixture was
stirred at 0 °C for 90 minutes, after which 8N NaOH (18.2 mL, 140 mmol) was added. The
reaction mixture was then warmed up at 40 °C and stirred for 16 hours. The volatiles were
removed in vacuo and the mixture acidified with concentrated HCI at 0 °C to pH 1. The acidified

35 mixture was extracted with ethyl acetate twice. The organic phases were combined, dried with
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25- carboxam de (0.080 g, 71% as a solid. LOMs: niz 479.0, 481.0 [ M1]
St epB: 4- Chl or o- N- (6- chl or o- 2-fl uor o- 3- (3-f | uor opr opyl sul f onam do) phenyl) -
t hi eno[ 3, Rodpymsa di ne- 7- car boxam de (0.080 g, 0.17 mulCr/usasiospu®pended in

2 Msampih A ( Sqfd-. %l@ré@ﬁhi@ A Eo% ﬁf‘% ?&S‘r he ; ea%bz?d“. Mt ubBapes phaged

in a mcrowave reactor at for e reacti on m xture was
concen TZFQ‘hl(Ed—3a(my|clbplfemz]muﬂlwlQﬂﬁdamtdop{ﬁliﬂhidrelﬁbnima asid| whh geids usél directly in the
chr omat ogr aphy, |ng V\Iléﬁ di chl oromet hane/ ethyl acetate (3:2) to give
4- ami n8¢ ﬁF"é’n‘ﬁlﬂ[‘@t rﬁﬂef)?‘r“i‘ 3Phe- 7- car boxyl i ¢ aci d

6- chl oro-2 UBF a535 0, | ] ;
(5 Gy oSl e a2 RS S Am el

10. 03 aod (411 gH)3.4 8usdl) {rs] 4ﬂn@xane(MnL};wag_wqedfrlaﬁylmnes(z 031, 1A ABn{ah),

2 4, 1k 4 .49 2.17- m 2H). LC/.MS:
10 465(9%‘7&6?&’1 Ji%*mlf}mr%@mc ddae @15 e ghioD i e il 5o 4RGP
prepar @ds aaEed 4 RPnt Eérﬁﬂ%?at@ﬂe%?dtl{cﬁrsdﬁﬁpfﬂe%%lﬁ ARl £14b3 \WiSe, via an
approprl ate starting materials. WD 2011/ 025940PCT/ US2010/ 046955 5Tabl e 2

Exanpl & cstwmémmﬁb (Nalrré5 NBnvEy i 3 TowdHpot®em flask againide, 1. ONRRanks) ¥6 md.) and
(500 Mv_\izzate%% , 66.8 mmol) at 95 °C. The reaction mixture was stirred at this temperature for 16
hours. Half of the reaction mixture was concentrated in vacuo, then the rest of the solution was
15  diluted with ethyl acetate and a saturated solution of NaHCOs. The layers were separated and the
aqueous layer extracted twice with ethyl acetate. The organic phases were combined, dried with
sodium sulfate, filtered and concentrated in vacuo. The crude product was purified by flash
chromatography to afford
N-(3-amino-2-chloro-4-fluorophenyl)-1-cyclopropylmethanesulfonamide (2.05 g, 55%). 'H
20 NMR (500 MHz, DMSO- dg) 6 9.07 (s, 1H), 7.01 (dd, J= 10.7 Hz, 8.9 Hz, 1H), 6.66 (dd, J= 8.8
Hz, 5.1 Hz, 1H), 5.43 (s, 2H), 3.04 (d, J=7.1 Hz, 2H), 1.12 — 0.99 (m, 1H), 0.59 — 0.52 (m, 2H),

0.36 — 0.30 (m, 2H); m/z (ES-MS) M+1 = 279.2.

Example N

F
Q
HyN ”’S\gY
Cl

N-(3-Amino-2-chloro-4-fluorophenyl)-2-methylpropane-1-sulfonamide

25

Step A: To a solution of methyl 3-amino-2-chloro-6-fluorobenzoate (2.97 g, 14.6 mmol) in
THEF (20 mL) and triethylamine (6.10 mL, 43.8 mmol) at 0 °C was added
2-methylpropane-1-sulfonyl chloride (4.80 g, 30.6 mmol) dropwise. The reaction mixture was
30  stirred at 0 °C for 90 minutes, after which 8N aqueous NaOH (18.2 mL, 140 mmol) was added.
The reaction mixture was warmed up at 40 °C and stirred for 16 hours. The volatiles were then
removed in vacuo and the mixture acidified with concentrated HCl at 0 °C to pH 1. The acidified
mixture was extracted with ethyl acetate twice. The organic phases were combined, dried with
sodium  sulfate, filtered and concentrated in vacuo to  obtain  crude
35  2-chloro-6-fluoro-3-(2-methylpropylsulfonamido)benzoic acid, which was used directly in the

next step without further purification.
Step B: N-(3-Amino-2-chloro-4-fluorophenyl)-2-methylpropane-1-sulfonamide was
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14 Nr---=NO",0 1l \ /Nilei 1,/,\.,,F H2NsHH 4- Am no-t hi eno[ 3, 2-d]
pyri m di ne-7-carboxyl ic acid [2,6-difluoro-3-(3-fluo
ro proparwolzosluﬂz‘sﬂmyl a m' no) - phenyl ] -am de 446. 1 [ Mt1] ’PIET/US8010346955-I) 9.90

2ol bl B0 i yodad, g5 Jigid 08 ok 5. o

H2NsHaHZ~éh]Am 6-dhioko- éﬂ@{rﬁctﬂylﬂﬂopp&ﬁ]lfdﬁﬂaﬁﬂd@)b@nﬁb&r boxyl ic aadid for
5623-20 Ql é—ghloi g—%cyc opropylr%e‘][chly su{fgna%rn(glg)ag eﬂujéro%enzou(:) lelll &) Ir\lﬂ?l}R (ShOeOnRﬁ[Ii %l\rlgge
ds) 6 9.14 (s, 1H), 7.02 (dd, J= 10.7 Hz, 8.9 Hz, 1H), 6.64 (dd, J = 8.8 Hz, 5.1 Hz, 1H), 5.44 (s,
2H), 2.96 (d, J = 6.4 Hz, 2H), 2.20-2.10 (m, 1H), 1.01 (d, J = 6.7 Hz, 6H); m/z (ES-MS) M+1 =

10 281.2.

Example O
F
0]
H,N N 5

N-(3-Amino-2,5-difluorophenyl)propane-1-sulfonamide
15 To a solution of 2,5-difluorobenzene-1,3-diamine (2.00 g, 13.9 mmol) (described in E.P.
Pat. Appl. Publication No. 0,415,595) in THF (40 mL) and pyridine (1.571 mL, 19.43 mmol) was

added propane-1-sulfonyl chloride (1.867 mL, 16.65 mmol) at 0 °C. The reaction mixture was
stirred at 50 °C for 90 minutes and dichloromethane and a saturated solution of NaHCOj; were then
added. The layers were separated and the aqueous layer was extracted twice with dichloromethane.

20 The organic layers were combined, dried with sodium sulfate, filtered and concentrated in vacuo.
The crude mixture was re-submitted to exact same reaction conditions, and the reaction was
stirred at 55 °C for 16 hours, and ethyl acetate and a saturated solution of NaHCO3 were then
added. The layers were separated and the aqueous layer extracted twice with ethyl acetate. The
organic layers were combined, dried with sodium sulfate, filtered and concentrated in vacuo. The

25 crude product was purified by flash chromatography to afford
N-(3-amino-2,5-difluorophenyl)propane-1-sulfonamide (485 mg, 14%). 'H NMR (400 MHz,
DMSO-de) 6 9.57 (s, 1H), 6.39 — 6.23 (m, 2H), 5.55 (s, 2H), 3.12 — 2.99 (m, 2H), 1.77-1.66 (m,
2H), 0.96 (t, J = 7.3 Hz, 3H); m/z (ES-MS) M+1 =251.2.

30 Example P

F
j@\ %
H2N N/ \\/Y
0
£ H

N-(3-Amino-2.4-difluorophenyl)-2-methylpropane-1-sulfonamide

Step A: 2,6-Difluoro-3-(2-methylpropylsulfonamido)benzoic acid was prepared
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[ MF1] *11.51 (br s, 1H), 9.77 (br s, 1H), 8.97 (s, 1H), 8.55 (s, 1H), 7.96
(br s, 2H), 7.48 (m 1H), 7.40 (m 1H), 4.61 (m 1H), 4.49 (m 1H), 3.25
(m 2H), wo2dra®Bo(m 2H) 16 * R N-------- NHNN- S\ \  HPCTIUSR201004d4923NS |

d 0
1 ot sl or die Rl TbELREd, B8 GRS N o PR 1Pt BRL°P
1H), 93&mins-2, &ﬁﬂuoﬁxb@@zoa(esfor byl 3 @nbo-2schlokéb: ﬂﬂor&&n(zsate 2H) 7.49 (dd, J=
9.1, 5.2 Hz 1I—%, 7.37 (t, J=.9.1 Hz, 13;), 3.13 (d, J= 2H), 1.10
(ddd J= 12 St‘?p ! if-(35Aming,2,4diffuorgphenyl) - mathylpropans-1- wlfggameiee,wa% Riepaiegl 17
el 0§d1n " NoN 'Pllle \\general procedure Heoy/ OE%mH%NSM Zt's‘fﬂ" nB)t hblﬁﬂﬁ{u"ﬁng d]

pyr| mi gl ne- 15 car boxy
2,6-difluoro-3- (2-methylpropylsulfonam1do)benzo1c acid for

10 2-chloro-3-(cyclopropylmethylsulfonamido)-6-fluorobenzoic acid. 'H NMR (400 MHz, DMSO-
ds) 6 9.36 (s, 1H), 6.86 (t, /= 9.8 Hz, 1H), 6.55-6.47 (m, 1H), 5.32 (s, 2H), 2.93 (d, /= 6.4 Hz, 2H),
2.21-2.10 (m, 1H), 1.01 (d, J= 6.7 Hz, 6H); m/z (ES-MS) M+1 =265.2.

Example Q

15 F
N-(3-Amino-2 4-difluorophenvl)-1-cvclopropylmethanesulfonamide

Step A: 3-(Cyclopropylmethylsulfonamido)-2,6-difluorobenzoic acid was prepared
according to the general procedure for Example M (step A), substituting methyl
3-amino-2,6-difluorobenzoate for methyl 3-amino-2-chloro-6-fluorobenzoate.

20 Step  B:  N-(3-Amino-2.4-difluorophenyl)-1-cyclopropylmethanesulfonamide  was
prepared according to the general procedure for Example M (step B), substituting
3-(cyclopropylmethylsulfonamido)-2,6-difluorobenzoic acid for
2-chloro-3-(cyctopropylmethylsulfonamido)-6-fluorobenzoic acid. "H NMR (400 MHz, DMSO-
ds) 6 9.37 (s, 1H), 6.84 (t,J=9.8 Hz, 1H), 6.57-6.50 (m, 1H), 5.30 (s, 2H), 3.01 (d, J=7.1 Hz, 2H),

25  1.11-0.98 (m, 1H), 0.59 — 0.51 (m, 2H), 0.35 — 0.27 (m, 2H); m/z (ES-MS) M+1 = 263.2.

Example R
Cl
\\S/\/
H,N H Y
F

N-(3-Amino-5-chloro-2-fluorophenyl)propane-1-sulfonamide

Step A: To a solution of methyl 5-chloro-2-fluorobenzoate (16.0 g, 84.8 mmol) in sulfuric

30  acid (100 mL) at 0 °C was added fuming nitric acid (4.98 mL, 119 mmol). The reaction mixture

was stirred at room temperature for 3 hours, poured into ice/water and the resulting precipitate was

filtered. The obtained solid was purified by flash chromatography to afford methyl
5-chloro-2-fluoro-3-nitrobenzoate (6.78 g, 30%).

Step B: A round-bottom flask was charged with 5-chloro-2-fluoro-3-nitrobenzoate (6.78 g,
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ic acid [2-chloro-5-fluoro-3-( propane-|-sul fonylam no)-phenyl]-am de
444.0 [ MF1] *12.53 (s, 1H), 9.78 (s, 1H), 9.02 (s, 1H), 8.62 (s, 1H), 8.34
(dd, J= 3&029nﬁnﬂmmz 111), 7.96 (s, 2H), 7.14 (dd, J= ®CT/US3010/0455 1H) ,

ﬁll 3. %%ﬁﬁm@% Iro 1‘};2% 90/18111,9‘%\@\{31103% lﬁgr@%(]% B gog n%ﬂmc';ﬁ et (8oL

pyri m cind e;vai’erc(ao By | THeCreadtiofl rhixtiGyY Sa@RiREY hmﬁst ‘f’(amoreﬁ udnir@ rthéramcﬂmi £, Iﬁoﬁlﬂ
| uor o- phenyl )-am de 440.0 [ M+1] *11.34 (s,
8. 55 (gempgpturey Thg miixturopps dijuterd with gthyl &ce@tgancka @twted fpbutlou OQNaHQOsaemdg 2

Hz, 1H)the %Xé"g v&eq?_tel)aa_gd ¥ hy{lque%m lay%r Hadedtactddiwiddwitt? ettri?l dcefiteIné %}gaﬁljcl)

0.34
layers were combined, dried with sodium sulfate, filtered and concentrated in vacuo. The crude

10 product was purified by flash chromatography to afford methyl
3-amino-5-chloro-2-fluorobenzoate (3.7 g, 63%).

Step C: To a solution of methyl 3-amino-5-chloro-2-fluorobenzoate (2.7097 g, 13.3 mmol)
in THF (25 mL) and triethylamine (5.54 mL, 39.8 mmol) at 0 °C was added propane-1-sulfonyl
chloride (3.12 mL, 27.8 mmol) dropwise. The reaction mixture was stirred at 0 °C for 90 minutes,

15 after which 8N aqueous NaOH (16.6 mL, 130 mmol) was added. The reaction mixture was then
warmed up at 40 °C and stirred for 16 hours. The volatiles were removed in vacuo, and the
mixture was then acidified with concentrated HCI at 0 °C to pH 1. The acidified mixture was
extracted with ethyl acetate twice. The organic layers were combined, dried with sodium sulfate,
filtered and concentrated in vacuo to obtain crude

20 5-chloro-2-fluoro-3-(propylsulfonamido)benzoic acid, which was used in the next step without
further purification.

Step D: N-(3-Amino-5-chloro-2-fluorophenyl)propane-1-sulfonamide was prepared
according to the general procedure for Example M (step B), substituting
5-chloro-2-fluoro-3-(propylsulfonamido)benzoic acid for

25 2-chloro-3-(cyclopropylmethylsulfonamido)-6-fluorobenzoic acid. 'H NMR (400 MHz, DMSO-
ds) 8 9.58 (s, 1H), 6.59 (dd, J="7.1 Hz, 2.6 Hz, 1H), 6.53 (dd, J= 5.9 Hz, 2.6 Hz, 1H), 5.56 (s, 2H),
3.11 -3.03 (m, 2H), 1.78 — 1.65 (m, 2H), 0.97 (t, J = 7.4 Hz, 3H); m/z (ES-MS) M+1 = 267.0.

Example S

cl
j@ %
HoN N \ﬁ/
o
I H

30
N-(3-Amino-4-chloro-2-fluorophenyl)-2-methylpropane- 1 -sulfonamide
Step A: Benzyl 6-chloro-2-fluoro-3-(N-(isobutyl-sulfonyl)-2-methyl-propyl-
Oulfonamide)benzoate was prepared according to the general procedure for Example F (step B),
substituting 2-methylpropane-1-sulfonyl chloride for propane-1-sulfonyl chloride.
35 Step B: 6-Chloro-2-fluoro-3-(2-methylpropylsulfonamido)benzoic acid was prepared

according to the general procedure for Example F (step C) substituting benzyl

6-chloro-2-fluoro-3-(N-(isobutylsulfonyl)-2-methylpropylsulfonamido)benzoate ~ for  benzyl
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19 0 R's, Nz"-NHNN-S,-," Hs-, \ /o H2Ns | 4-Anmi no-thieno[ 3, 2-d]
pyri m di ne-7-carboxyl ic acid [2,6-difluoro-3-(2-net hyl-propane-|-sulfonyl
am no) - phwoybireasdde 442. 0 [ 1] *11.35 (s, 1H), 9.70 (PCTAINR01084865 (S,

1H),8 %%E?ZZ(tJ—BQHZ
5 %?hl% CP 2}'@0&0 g (&g(pﬁo}%saﬁényféﬂf@lsul%mgfﬁgiogho te , 1.03 (d, J=
6 7 Hz 6H) SOp Na:HW- (3 AMnHQIMﬁloSrEkI ﬂuoropher@l)&nﬁedtyﬂﬂ&bpmﬂBsﬂfcﬁh]amlde was
pyrlmdlne7carboy cid [2,5-difluorag- Séproane -sul fonyl am no) -p
heny1] _DYRpyed accor to the general procedure for Example M (step B), substituting
6-chloro-2-fluoro-3-(2-methylpropylsulfonamido)benzoic acid for
2-chloro-3-(cyclopropylmethylsulfonamido)-6-fluorobenzoic acid. '"H NMR (400 MHz, DMSO-
10 dg)69.50 (s, 1H), 7.02 (dd, J= 8.8, 1.8 Hz, 1H), 6.62 — 6.54 (m, 1H), 5.45 (s, 2H),2.97 (d, /= 6.4

Hz, 2H), 2.21-2.10 (m, 1H), 1.01 (d, J = 6.7 Hz, 6H); m/z (ES-MS) M+1 =281.2.

Example T
F

H,N N
cl

15 N-(3-Amino-2-chloro-5-fluorophenvl)propane-1-sulfonamide

Step A: To a solution of 2-chloro-5-fluorobenzene-1,3-diamine (1.01 g, 6.29 mmol; 70%
purity) (described in U.S. Pat. Publication No. 2006/0258888) in dichloromethane (30 mL) and
triethylamine (1.93 mL, 13.8 mmol) was added propane-1-sulfonyl chloride (1.41 mL,
12.6 mmol) at 0 °C. The reaction mixture was stirred at room temperature for 1 hour. An aqueous

20  saturated solution of NaHCOj; and ethyl acetate were added, and the layers were separated. The
aqueous layer was extracted twice with ethyl acetate. The organic phases were combined, dried
with sodium sulfate, filtered and concentrated in vacuo. The crude mixture was dissolved in
tetrahydrofuran (15 mL) and methanol (5 mL), and 1.0 M of sodium hydroxide in water (6.3 mL)
was added. The reaction mixture was stirred at room temperature for 30 minutes. An aqueous

25  saturated solution of NaHCOj3; and ethyl acetate were added, and the layers were separated. The
aqueous layer was extracted twice with ethyl acetate. The organic layers were combined, dried
with sodium sulfate, filtered and concentrated in vacuo. The crude product was purified by flash
chromatography to afford N-(3-amino-2-chloro-5-fluorophenyl)propane-1-sulfonamide (0.17 g,
7%). m/z (ES-MS) M+1 =281.2.

30
Example U
Cl
Q.0
H2N N/S\/\
Cl H

N-(3-Amino-2.4-dichlorophenyl)propane-1-sulfonamide

Step A: 2,6-Dichloro-3-nitrobenzoic acid (2.13 g, 9.03 mmol) was dissolved in 2:1
68



428.0 [Mr1] *12.30 (s, 1H), 10.01 (s, 1H), 9.00 (s, 1H), 8.55 (s, 1H), 8.16
- 8.08 (m 111), 7.96 (s, 2H), 7.02 (ddd, J = 9.4, 5.9, 3.2 Hz, 1H), 3.22 -
3 13 (m Wolp1dn28so- 1.68 (m 2H), 0.99 (t, J= 7.4 Hz, BEHIB01C044EN NN .

0, B 2Pl aqucons Ny ARSI 09 3 A BT AT CAERN . 11

5-chloro: 2 11i8Fo- ropane-1 - st no)
[ Mr1] *mﬁloIBar(dStheﬂ latl)lowéchtoO@thS to dndBipnt tQm@&raﬁﬁle add stird&l de 24 de),ll‘S Fhbbeaction
1H), 8.36 (dd, J= 5 1H, 7.96 (s, 211), 7.22 (dd, J= 6.5, 2.6
Hz, 1H) m1>§ur@2)vas fiteyesl ’@:ﬁugb |.(|5F/F paper while rgwlr{grfwt F. dho gu{(tpre was a;cui;ﬁp& to Z)

WO 2011{)]@ 2P 94Rf g!O%%@épdng%Qﬁgéemm%% 2-propanol/dichloromethane (3 x). The extracts

were washed with water and brine, dried over sodium sulfate and concentrated to afford

10 3-amino-2,6-dichlorobenzoic acid (1.40 g, 6.82 mmol, 75.5% yield). MS (APCI-neg) m/z =203.6
(M-H).

Step B: 3-Amino-2,6-dichlorobenzoic acid (1.40 g, 6.82 mmol) was dissolved in dry
dichloromethane (66.7 mL). Triethylamine (4.09 mL, 29.4 mmol) was added, and the mixture was
chilled to 0 °C. Propane-1-sulfonyl chloride (2.48 mL, 22 mmol) was then added using a syringe.

15  When the addition was complete, the mixture was allowed to warm to ambient temperature and
stirred for 1 hour. The mixture was concentrated in vacuo and diluted With diethyl ether. The
mixture was washed with 0.25 M NaOH (80 mL) and the aqueous layer acidified to a pH of 1
using 1.0 M HCIL. The aqueous layer was extracted with 15% 2-propanol:dichloromethane (2 x 300
mL). The organic layer was collected, dried over sodium sulfate, and concentrated to afford

20  2,6-dichloro-3-(propylsulfonamido)benzoic acid (1.55 g, 4.96 mmol, 74.4% yield). "H NMR (400
MHz, DMSO- dg) 6 9.77-9.75 (s, IH), 7.84-7.80 (d, TH), 7.71-7.68 (d, IH), 3.82-3.72 (m, 2H),
1.89-1.70 (m, 2H), 1.05-1.03 (m, 3H).

Step C: To a solution of 2,6-dichloro-3-(propylsulfonamido)benzoic acid (2.788 g,
893 mmol in THF (40 mL) was added triethylamine (2.863 mL, 20.5 mmol) and

25  diphenylphosphonic azide (2.282 mL, 10.2 mmol). The reaction mixture was stirred for 6 hours at
room temperature. Water (8 mL, 400 mmol) was added, and the reaction mixture was heated
under reflux overnight. Ethyl acetate (300 mL) was added, followed by washing with saturated
aqueous NaHCOj; solution and brine. The solvent was removed under reduced pressure and the
crude product purified via silica gel flash chromatography using ethyl acetate/hexane (1:1) as

30  eluant to yield 834 mg (33 %) of N-(3-amino-2,4-dichlorophenyl)propane-1-sulfonamide. 'H
NMR (500 MHz, DMSO-dq) 6 9.24 (s, 1H), 7.20 (d, J=8.7 Hz, 1H), 6.71 (d, /= 8.7 Hz, 1H), 5.55
(s, 2H), 3.13 —2.92 (m, 2H), 1.73 (dd, J = 15.2 Hz, 7.6 Hz, 2H), 0.96 (t, /= 7.4 Hz, 3H). LC-MS
[M+1] m/z 284.1.

35 Example V
HO \\S//\/\/ F
0O F i
2.6-Difluoro-3-(3-fluoropropylsulfonamido)benzoic acid
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Structure Name M5 mz 1H NWVR 5 (400 MHz, DMSO-d6)* no. (500 MHz
DVSO-d6)** 22 CI NN IHN 40,, HNNI- \S, :---w /0 FH---(
4- Am no- twoenof@s9ed] pyri m di ne-7-carboxyl ic acid [ 6- edirases1dafidsadr o- 3- (

2- gt hyl - pr QK- fvle?l’l’yllj,@—mﬁlﬁ)%-g-c&\ﬁ(@%J);lrbpﬁmlﬁ)%yl)é-ﬂuoropropylsulfonamido)-
benzoate was prepared according to the general procedure described in Example B, step C,
substituting 3-fluoropropyl sulfonyl chloride for propane-1-sulfonyl chloride. "H NMR (400 MHz,
DMSO-ds) 8 8.05-7.99 (m, 1H), 7.44 (t, 1H), 4.62 (t, 2H), 4.50 (t, 2H), 3.93 (s, 3H), 3.89-3.74 (m,
4H), 2.26-2.11 (m, 4H).

10 Step B: 2,6-Difluoro-3-(3-fluoropropylsulfonamido)benzoic acid was prepared according
to the general procedure in Example C, substituting methyl
2,6-difluoro-3-(N-(3-fluoropropylsulfonyl)-3-fluoropropylsulfonamido)benzoate  for methyl
2,6-difluoro-3-(N-(propylsulfonyl)-propylsulfonamido)benzoate. 'H NMR (500 MHz,
DMSO-dg) & 14.05 (br s, 1H), 9.71 (s, 1H), 7.56-7.50 (m, 1H), 7.20 (t, 1H), 3.12-3.08 (m, 2H),

15 1.73-1.66 (m, 2H), 1.39 (sx, 2H), 0.87 (t, 3H). MS m/z 296.1 [M-1].

Example W

20 6-Chloro-2-fluoro-3-(3-fluoropropylsulfonamido)benzoic acid

Step A: Into a 5000-mL 4-necked round-bottom flask was placed a solution of benzyl
3-amino-6-chloro-2-fluorobenzoate (200 g, 714.29 mmol, 1.00 equiv) in dichloromethane (2000
mL) and triethylamine (216 g, 2.14 mol, 3.00 equiv) followed by the addition of a solution of
3-fluoropropane-1-sulfonyl chloride (227 g, 1.42 mol, 2.00 equiv) in dichloromethane (300 mL)

25  dropwise with stirring at about 8 °C over 60 min. After stirring at room temperature for 3 hours,
the resulting mixture was washed with 500 mL of 5N HCI and 2x500 mL of water. The organic
layer was dried over anhydrous sodium sulfate and concentrated under vacuum to afford 360 g
(91%) of benzyl
6-chloro-2-fluoro-3-(3-fluoro-N-(3-fluoropropylsulfonyl)propylsulfonamido)benzoate ~ as a
30  brown oil.

Step B: A solution of benzyl 6-chloro-2-fluoro-3-(3-fluoro-N-(3-fluoropropyl
sulfonyl)propylsulfonamido)benzoate (360 g, 647.73 mmol, 1.00 equiv, 95%) in tetrahydrofuran
(1800 mL) and KOH (2M, 1680 mL) was stirred at 50 °C for 12 hour. The resulting mixture was
cooled and concentrated under vacuum to remove most of THF. The residual solution was washed

35  with3x500 mL of EtOAc. The aqueous layer was adjusted to pH 2-3 with HCI (6M). The resulting
solution was extracted with 4x500 mL of ethyl acetate. The combined organic layers were dried

over anhydrous sodium sulfate and concentrated under vacuum to afford 190 g (89%) of
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458 O [M+' 1] *11.48 (s, 1H), 9.91 (s, 1H), 8.97 (s, 1H), 8.55 (s, 1H), 7.96
(s, 2H), 7.47-7.37 (m 2H), 304(d, J= 6.4 Hz, 2H), 2.23-2.12 (m 1H),
1.02 (d, We2611é25mp 6H) 23 Nif.'--7N0400. \/NNI-S H2Ns PHINUS2010/046955

4- Al n ] - Ci f pro

¢ ot RSk ) B SRR o Y i YRS

1H) 8 D& (185, EII{D,,7(8(551(EB,6$8'IIm YHQE‘f J95(m, ZH),HM& (d3,.3. Lkr(ni,lzm,zzzizoiz
<2-309 1.81 - 1.65 (m 2H), (t, J= 7.4 Hz, 3H 24 a

aoFr- RERNVIR- -231'21 MIIM-BiN /0 H2Ns | 4Amnoth|eno[32d]

pyri m di ne-7-car boxyl i c acid

Example X
F
()\\S//O
HOOC NN
10 ca M

2-Chloro-6-fluoro-3-(3-fluoropropylsulfonamido)benzoic acid

Step A: Into a 2000-mL 3-necked round-bottom flask was placed a solution of methyl
3-amino-2-chloro-6-fluorobenzoate (50 g, 243.84 mmol, 1.00 equiv, 99%) in dichloromethane
I5 (900 mL) followed by the addition of triethylamine (75 g, 726.28 mmol, 3.00 equiv, 98%)
dropwise with stirring at 0 °C. To this was added a solution of 3-fluoropropane-1-sulfonyl
chloride (55.6 g, 344.02 mmol, 1.30 equiv, 99%) in dichloromethane (100 mL) dropwise with
stirring at -15 °C. After stirring overnight at room temperature, the resulting solution was diluted
with 500 mL of dichloromethane, washed with 2x500 mL of water and 5x500 mL of 4N HCI. The
20  organic layer was washed with 2x500 mL of brine, dried over anhydrous sodium sulfate and
concentrated under vacuum, to give 90 g crude mixture as a yellow oil which was used in the next
step.
Step B: Into a 1000-mL round-bottom flask were placed tetrahydrofuran (250 mL) and a
solution of potassium hydroxide (60 g, 1.05 mol, 3.00 equiv, 98%) in water (250 mL). The
25  resulting solution was refluxed for 1 hour in an oil bath, cooled to room temperature with a
water/ice bath, concentrated under vacuum, diluted with 100 mL of H,O, and washed with 3x500
mL of ethyl acetate. The aqueous layer was adjusted to about pH 1 with HCI (2 mol/L). The
resulting solution was extracted with 5x200 mL of ethyl acetate. The combined organic layers
were washed with 1x500 mL of brine, dried over anhydrous sodium sulfate and concentrated
30  under vacuum. The residue was washed with 1x200 mL of hexane and dried to afford 60 g (78%,
two steps) of 2-chloro-6-fluoro-3-(3-fluoropropylsulfonamido)benzoic acid. '"H NMR (400 MHz,
MeOH-dy) 6 7.63 (m, 1H), 7.19 (m, 1H), 4.56 (m, 1H), 4.44 (m, 1H), 3.21 (m, 2H), 2.25-2.12 (m,
2H). MS m/z 312.1, 314.1 [M-1].

35 Example Y

F
O O
N
S\/\/F
HoN H



[2,6-dichloro-3-(3-fluo ro-propane-|-sul fonyla m no)-phenyl]-am de 478.0
[M-1] *11.51 (s, 1H), 8.95 (s, 1H), 8.55 (s, 1H), 7.96 (s, 2H), 7.53-7.43
(m 2H), woead1fesd= 6.0 Hz, 1H), 4.48 (t, J= 6.0 Hz, 1RCTB2@04893%1 (m
2H) 5 2.19 -2.00 (m 2H) Exarrple 25 4- Ami no-thieno [3 ,2-4
pyrim di ne-7- carb% l-A . .
101 2-chloro-3-(p sl

A 4-(2, 4-Di rmtdloxylseoa-yﬂlamm):kéu eﬂmh&battd&lpyﬂasm dwae zﬂ@oad baxyddleiaci 6f
(0 0542 g 0. 157 mol ), 3-am no- 2-chl orop (ﬂ,ﬁé zE) g)ane 1- sul f onami de
(0.030 4 1@2(13&%1;115%09%{}51{1@11@@9@) nzoic ST (7B 12) 4 Ehe0 ook {80 eauin.35%)
(0.0420
over ni gﬂt fﬁm%égggﬁ%%ldﬁﬁf ure ?N?E/& li?’e%% ?’gg%sdlds&{ﬁﬁpera r’g(%orgg &

parli t i BRe@ thmblydeid deudAc Thantbswltihg solufite was giiriddcat 62Yefor Bamurafoliededvby fthe

wat er ( 0.1 N HC at ur at ed aqueous NaHCCB and brine, dried over
Na2504 aﬁﬁél%&ﬁ@@%ﬁfﬂ%@l@&ﬁ 0. 98 ?%V)ﬁ e repalingjsplufign Wep pliragddt 80REdngh o bathyg

of silifga]g&lould Hﬁut’éﬁ'%vlfh' ﬂLQ)ff}gOla éﬂfh%?gd%% xf P 0@' M‘§1 Dedite A Qfbinkd
-(propyl sul fonam do) phenyI)- (2, 4-di met hoxybenzyl - am no th| eno

[ 3, 2- d]qmgmllml@tlemewirecarablmdamthe3>dsLamf BhO, dhied lovemanhysleahsdsadact | splfate artde
next step. %0 St B: . . o .

N ( 2- cHOBFeTated SR Yasupmo BT ariss ey ppliad prso 2 slispeeshsRlmunSlyed wiRugty!

t hi1gno[a3eidteeppldufti di N@hér Car Qp&ﬁlm dgo (0. Offbrg. O.74% 4ol ) wassgigsol ved in

trifluoroacetic acid (" TFAB (5 nmL) and heated at reflux tor 3 hours The

react i dYr(Grpsaing-24whkuarophesy )t%ﬂuwomop@tmpbﬁaltfwmléﬁnwscmrtwwnr salidd o NMRed

1100 SR B S A orb s 2 D a8 SRES U Ry 450 (ke

over NaZB@(sarHd), 6342 ¢t DHY.eOCtMS FBS Ohlz): Mt[l‘mt}q)]ﬁ was added and a white
precipitate formed which was collected by filtration, washed further with

MeOH and dried under high vacuumto give 4-am no-thi eno[3, 2-d] pyri m di ne-
7- cgr boxylic acid [2-chloro-3-(pr op@nﬁ- 1F- 54| f onyl am no) - phenyTham de (9 ny,
&1rrrm|, 15% as a white solid. 00 MHz, DMSO-d6) 6 12.30 (s,

, 9.55 (s, 1H), 8.99 (s, 1HGI (s, 1H, 8. 41-8. 43 10(d, 1H), 7.93
(hr s, 2H), 7.36-7.40 (t, 1H), 7.2 2@\,d 1H’1 312316(t 1H),
1.75-1.81 (m 2H), 0.97-1.01 (N3N W’ \(/APQP pos) Mtl = 426.0, 428.0.
Exanpl e 26 154- Am no-t hi eno[ 3, 22 d] & pyr Hm di ne- 7- car boxylic acid
[2-fluoro-3 -(propane-I|-sul fonyl am no)-phenyl] -am de Step A
4- (2, 4- Di met hoxyy peRzylamiapki Bl L0x5d -Fsﬁ?ort% ylic acid (69
ng, 0.2 mml, p | uor ophenyl)
pr opane- 1 - diriof onanDo@n(I5 7 3rmpckdl 2rdmﬂlbbttoiﬂATﬂhs(k84wag plce? amjojutiodandofa

catal yt a t of
Eg y é ghloro Huoro-S-(3-ﬂuoropropylsulfonam1do)benzo1c acid (190 g, 574.84 mmol, 1.00 equiv,
95%) in N,N-dimethylformamide (1500 mL) and triethylamine (184 g, 1.82 mol, 3.00 equiv)
followed by the addition of diphenylphosphoryl azide (“DPPA”) (250 g, 909.09 mmol, 1.50

equiv) dropwise with stirring at 5 °C over 10 min. After stirred at 5 °C for 2 hours, to the reaction
mixture was added water (500 mL). The resulting solution was stirred at 80 °C in an oil bath for an

30  additional 2 hours, cooled and diluted with 2000 mL of EtOAc. The organic layer was washed
with 4x1000 mL of brine, dried over anhydrous sodium sulfate and concentrated under vacuum.
The residue was applied onto a silica gel column eluted with ethyl acetate/petroleum ether (1:3) to
afford 76 g (46%) of N-(3-amino-4-chloro-2-fluorophenyl)-3-fluoropropane-1-sulfonamide as a
white solid. 'H NMR (400 MHz, CDCl3) 6 7.04-7.06 (m, 1H), 6.91-6.87 (t, 1H), 6.39 (s, 1H),

35 4.62-4.59 (t, 1H), 4.40-4.57 (t, 1H), 4.15 (br s, 1H), 3.27-3.24 (t, 2H), 2.30-2.16 (m, 2H). LC-MS
(ES, m/z): 283 [M-H].
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20 DVAP (2 ng, 0.02 mmol) were dissolved in DM (2 nl).

N, N- Di i sopropyl -ethyl am ne (87 uL, 0.50 mmol) was added foll owed by
stirring WO 20oarsd4enperature for 1 hour. Ethyl acetate @6@/UsR)ioma®sndded,
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ca H

N-(3-Amino-2.4-dichlorophenyl)-3-fluoropropane-1-sulfonamide
Step A: To 3-amino-2,6-dichlorobenzoic acid (8.00 g, 38.8 mmol) in tetrahydrofuran (200
30 mlL) at 0 °C was added dropwise triethylamine (29.8 mL, 214 mmol) followed by

3-fluoropropane-1-sulfonyl! chloride (15.1 mL, 136 mmol). The reaction mixtue was stirred at
50 °C for 16 hours and then cooled to room temperature. Water and dichloromethane were added.
The layers were separated, and the aqueous layer was extracted twice with dichloromethane. The
organic layers were combined, dried with sodium sulfate, filtered and concentrated in vacuo. The

35 obtained oil was dissolved in tetrahydrofuran (107 mL), and 8 M NaOH (49 mL) was added
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Step A- To N-(3-am no-2, 4-difl uorophenyl) propane-1-sul fonam de (0.100 g,
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propane- - sul f onyl am no ) - phenyl tep A To

7 oxo &876@12hilﬂ) dt@dlsmfé)zéﬁ@[(ﬁ,ffr 538 sziH)n4d48r(e$ s8I 28eBd 5(0, 200 g,

N R o eyt P5 et 5o 6P Rbko i CBOST A ATo) " e m xtur e vas Tef 1 uxed

fops52 h. The cool ed reaction m xture was evaporat ed, chased wwth 3 nL
CHC13, triturated with 3 nL hexane, and dried under high vacuumto afford
7-chl or oi sot hi azol o[ 4, 5-d] pyri m di Eeia@{xlﬂmﬁonyl chloride as a brown solid.

35Step B: To 7-chl oroi sothiazol o[ 4, 5-d] pyr| m di ne- 3- car bonyl chloride
di ssolved in 5 nL CHC13 was added 0,0
N- ( 3- ami no- 2, 4-di f | uor ophenyl )g_q2 Nsﬁl\f/fmam de (0.118 g, 0.470 nmol).

Cl
N-(3-Amino-2-chlorophenyl)propane-1-sulfonamide
Step A: 2-Chloro-3-nitroaniline (Sienkowska, et. al., Tetrahedron 56 (2000) 165) (0.36 g,
30 2.086 mmol) was dissolved in dichloromethane (20 mL) and cooled to 0°C. Triethylamine
(0.8723 mL, 6.258 mmol) was added followed by propane-1-sulfonyl chloride (0.5847 mL, 5.215

mmol) and the reaction was stirred at room temperature overnight. The reaction was quenched
with 0.1 N HC1 (10 mL), and the layers were separated. The organic layer was dried over NaySOy,
and concentrated to give N-(2-chloro-3-nitrophenyl)-N-(propylsulfonyl)propane-1-sulfonamide
35  asan oil which was used directly in the next step.
Step B: N-(2-Chloro-3-nitrophenyl)-N-(propylsulfonyl)propane-1-sulfonamide (0.8028 g,
2.086 mmol) was dissolved in 3:1 THF/MeOH (4.0 mL). NaOH (2.0 M, 2.086 mL, 4.172 mmol)
74
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anbi ent tenperature for 30 mn. The sol vent was evaporated, the residue was
suspendedwDreof/azk94di oxane, and a gentl e stream of armoniPe:Tgrssommswlsmbbl ed
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(m, 2H), 8 91 11) LC/MS: mz 427.0
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CD30D) 8 8.58 (s, 1H), 7.850-7 PRy oS TAEg. rEoft Y SR 58 (m
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Lo cni PEDGieEaze) S04 rsitos BPboEh SN o ABFETRMSEAA S0 fr satfe
The ti td.9- eemaynm)w%m@@@hedmcs%dabag1H§> 3.be3@gmar aH),pr qmdm enagsH),
described in frlque 30, substitutin

-am no- 44:993[(63@ APy B= %Vdogﬁ%f)opane | -sul fon- anide for

N- ( 3-am no- 2, 4-di fl uor ophenyl )propane 1-sul fonam de. 1H NMR (400 MHz,

CD30D) 6 8.59 (s, 111), 7.54-7.58 (m 1H), 7.38-7.41 (m 1H), 4. 46- 4.61 (m
212p, 3.25-3.29 (m 2H), 2152261'<Ix|3(m ¢WD LOMS: mlz 463.1 [M+l]. WO
2011/ 025940PCT/ US2010/ 046955 5 Exarrpl e 33 O\ ,S\ N\co CN H2N

7Amno|soth|azolo[45dlpyr|m - xyllc acid
[ 2- cyano- 3- (propane-| -sul fonyl am n hen am de 10The title conpound
was prepared according to the dgéhera pNoc ure as described in

N-(3-Amino-4-fluorophenyl) propane-1-sulfonamide

A solution of N-(3-amino-2-chloro-4-fluorophenyl) propane-1-sulfonamide (668 mg,
2.5 mmol) dissolved in methanol (100 mL) was passed through an H-Cube hydrogenator
25  equipped with a Pd/C cartridge at 10 bar H, pressure at a flow rate of 1 mL/minute (reaction
temperature: 50 OC). The solvent was concentrated under reduced pressure to afford 481 mg
(83%) of N-(3-amino-4-fluorophenyl) propane-1-sulfonamide. "H NMR (500 MHz, DMSO-dq) &
9.37 (s, 1H), 6.89 (dd, J=11.2, 8.7, 1H), 6.67 (dd, J = 8.1, 2.6, 1H), 6.49 — 6.24 (m, 1H), 5.19 (s,
2H), 3.09 — 2.86 (m, 2H), 1.67 (dq, J = 15.0, 7.5, 2H), 0.93 (t, J = 7.4, 3H). LC-MS [M+1] m/z
30 233.1.

Example AE

N-(3-Amino-2-fluorophenyl) propane-1-sulfonamide

35 A solution of N-(3-Amino-4-chloro-2-fluorophenyl) propane-1-sulfonamide (477 mg, 1.8
75



Exanpl e 30 substituting N-(3-Am no-2-cyanophenyl) propane- 1-sul fonam de for
N- ( 3-am no- 2, 4-di f| uor ophenyl ) propane- 1- sul f onam de. NVR (400 MHz, DMSO- d6)
6 12.62 (woznﬂyuzssm 18 (s, 1H), 8.54 (s, 1H), 8.48 (br ®CTAIPI1084345 (d,
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Af ter coollng to roomtenperature the reaction m xture was quenched with 5
m. of 1N Rochelle salt solution. The crude m xture was passed through a
drying colum, eluted with ethyl agg Eﬂltpﬁ Afnd purified by flash

chr omat ogr aphy (0-100% et hyl acetate : "heptane) and indicated fractions
were concentrated to give

7-am no-N- (2, 6-difluoro-3-(N-(4- ?Et hxybenzyppropyl sul f onam do) pheny1) -i sot
hi a- 30 zol o[ 4, 3-d] pyri m di ne- 3- Foxant d% as a light yellow foam (352 ny,
68% . 1HNMR (400 MHz, DWVMSO-d6) 6 10 4' (s‘w\, 8.81 (s, 1H), 8.67 (s, 1H),
8.45 (s, 1H), 738-725(m1*l‘{}‘l N(t = 10.7 Hz, 3H), 6.85 (d, J=
8.6 Hz, 211), 4.71 (s, 2H), 3.71 (s, FSHY' 3. 26 (s, 2H, 1.79 (dd, J= 15. 2,
7.6 Hz, 2H), 1.01 ( J V-1,
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7 Enfrybgorono- i sot hi azol o [ 4, 3 -d] pyrimdine-3 -carboxylic acid
2,6-difluoro-3 -(propane-|-sul fonyl am no)-phenyl] -am de 20Step A
(3- Am no- 2, 4-di f | uor ophenyl) - N- (4- net hoxybenzyl ) pr opane-| -sul fon- am de
Qé” 9 ny, 0.388 nmmol ) was di ssol V@d inl;t/ééuene (2 m., 20 nmol). 2 M of
met hyl al um num i n hexane (0.582 5’ added to this stirred solution

[
d the reaction was stirred at roomy en&Berature for 1 hour. Ethyl
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nol ) was added as a solid and H,Né TEacCNi was stirred at 80 C overnight.
After cooling to 25 roomtenperatur&:ﬂ h8 reaction mixture was quenched with
5 mL of 1IN Rochelle s?] sol, ut| on The crude m xture was passed through a
drying colum, eluted A3l anoppedlpropane-dopulfonymidgy | ash
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concentrated and purified by flash chromatography (0-100% et hyl




WO 2011/ 025940PCT/ US2010/ 046955 5acetate : heptane) to give
7- et hyl am no-i sot hi azol o[ 4, 3-d] pyri m di ne-3-carboxylic acid
[ 2, 6-di f Iworot1id2é@wopane- 1 -sul fonyl am no) - phenyl ] -am #eT(U$2010146959%) . 1H

NVR<( 4 , : . , 4 = 7 ,
11 . B ar RGP bt 35podfont Mo retol spie. Sl o el AliRyad o7
(m 2H)gvafora2d- to3yiehd (VH(3-2dfno-Zc@iBophehy®propame- 2shifodan8e ((0.34Jg, 7.42 ol 3H) ,
0.98 (t 7.4 Hz, 3H). M5 rd 457.1 [ M+1]. 10

: = 7. : : Z = : :
7. ¢ qécfpi%ﬁﬁl‘i}ﬁsﬁé‘)gwg@zﬁlm b &?hmhngqmﬁfw@m, AT Go W azol
o[ 4, 3-d4. i6. -C } QRS 9Py pa ng a
simlar g(?gdégﬁ’réeﬁig fsb?ﬁggam: e?’3 )gsi ggﬁep ﬁ@lﬂ)’ 1859, i ?'qut’%ﬁ)'
7- ( cyclofrpyll @i#ndPbe ¢l TS olegdtieodErion) fidilne- 3- car boxyl ate in place of
et E\é' 7- (et hyl am no)i sot hi azol o[ 4, 3-d] pyri m di ne- 3-carboxylate. 1H NWR
(400 MHz, DMBO-d6) 6 10.56 (s, 1H), 9.76 (s, 1H), 9.49 (d, J = 4.6 Hz 111),
8.57 (s, 1H), 7.42 (d, J= 6.7 Hz, Fdamofe Afr(t, J= 9.4 Hz, 1H), 3.26 (s,
1H), 3.15 -3.02 (m 2H), 1.75 (dd, J="15.0, 7.3 Hz, 2H), 0.98 (t, J= 7.4 20
Hz, 3H), 0.85 (d, J= 7.9 Hz, 4H). k & 469.0 [Mr1]. Exanple 37 NO 0-N N
\ HSCI 4- Met hoxyam no-t hi eno[ 3, 2-dI m §ne- 7- carboxylic acid
25[ 2-chl or o- 6-fl uoro-3 - ( propane®N- sil f@{nﬂ‘no) -phenyl] -am de St ep
A:  N-(3- Ami no- 2-chl or o- 4- f | uor ophenyf) - N- (4~w&t hoxybenzyl ) pr opane- 1-

sul fonam de (5.52 g, 26 _mol ) s di.ssolved in toluene (75.9 n., 712.9
ol oA sol uti on of SararireeA Rt bazeiduligaiis ) s added

over 20 m nigtgs AANdethbe 3r@d6s-2BdifasrobbhioaRd(1844 £06ML SRR AN issdedlin
hour.. Met hyl 4-chl orot hi eno[ 3, 2-d] pyri m di ne-7-carboxylate 30 (3.30 g,
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thi eno . el BRIl &1 O Q5B 0REn S inel)— Bedhe Iy s strred a7
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propyl sul f onam do) phenyl)-4-nethylthieno [3 ,2-d] pyrimdine-7-carboxam de
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procedure repeated with another 1 nL of ethyl ether. A 1:1 m xture of
154- chlasidyfi to PHchysrg6.8 M Fi¢d end gxtracted with EtOAc (2x). The combined organic extracts

oyt 1 Al SR AR e AT U b B3 oncha S ShvseieaTor)
propy| 8-tstuers-sepihe ylEdnanitsibeyidid belaqll 332, df. 84 inidlli &1 RocaslapXamivgs (80

ng) was cqnbined wth the ether dried nmethoxyam ne hydrochl oride in DVSO
(0.3 ran?/,Z3é%8 [Mrél-r eaction mixture was heated in a mcrowave reactor at 140

1 . _moxtur .
591 i houtyel .15 30 G0 A b ME TR B0 Pl gns s s
pheny 1)dissolvew it @5 yarDAY (26 a1l ahd tredted Jsequentiallylivit-tHiethglaboinea . 9 mi114.65

N (55 P aad e RS loRotmhor riskey (633 for b3 BEDor TR HestisRiys was
4- met hytibBi ﬁwﬁﬁel%‘t%gé’r?fg@dﬂjr G0t ﬁﬁt([j X "f‘tghtgg it IﬁL%a’r)t%ﬁaddpﬂEgiﬂeh 10 868

m xture was evaporate ryness and use as 1s" 1n su sequent reaction.
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pyri m di ne-7-carboxam de in dichloronethane (5 nL, 80 nmol) and

tri f 1 udnpgsetianc vigcflash( shrematogmephrotlyting gvith ar gradiefiopf 10H510Pe Erécrhsaandson
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30 1 nmL DMF, filtered through a nylon disk and purified by reverse phase
HPLC to afford 4-nmethoxyam no-thieno [3 ,2-d] pyrimdine-7-carboxylic acid
[ 2- chl or ow@-2b1wmswe 3- (pr opane- 1 -sul f onyl am no) - pheny l1pcanisdeo(i®sy ng,

3204 . 4L . , .
Try D g iR gt SRR Dent Db ch Syt bmigh 1sGh2 it 1 b, M st
9.0 Hzyid#) LCBV81im(5s28BHM-1. 14 - 3.00 (m 2H), 1.76 (dg, J= 14.9, 357.4
Hz, 2H), 0.98 (t, J= 7.4 Hz 3H). MBS mz = 474.0 [Mr1l]. WO

2011/ 025940PCT/ US2010/ 046955 S5Exanple 38 0'p NS Cl

4- Met hyl -t hi eno[ 3, 2-dl pyri m di ne- 71_;?%51&9? Wi c acid (10
f2-chl oro-6-fluoro-3 -(propane-| - am no) - phenyl ] -am de The title

conpound was isolated as a side pfeg f@omthe preparation of Exanple 37
10 ng, 30% . 1HNMR (500 MHz, DI\/SO (s, 1H), 9.70 (br s, 1H),
9.27 (d, J = 8.9 Hz, 2H), 748*(2&1 .3 Hz, 1H), 7.36(t, J=9.2
Hz, 111), 3.13 -3.05 (m 2H), (dq, JE 1 0 5 Hz, 2H), 0.98 (t, J= 7.4

H210310) . M Mz = 4488 AMEHD 4 iR rd Shrendihurants Slirorkad®! © 39 15

Step A: Methyl 3-amino-2,6-difluorobenzoate (652.8 mg, 3.488 mmol) was dissolved in

17.4 mL dichloromethane (0.2 M) and treated sequentially with triethylamine (1.42 mL, 10.46
mmol) and furan-2-sulfonyl chloride (1.162 g, 6.976 mmol). The reaction mixture was stirred at
ambient temperature for 16 hours and then diluted with additional dichloromethane and washed

15 with water (2x) and brine (1x). The organic phase was dried over Na;SO4 and concentrated to
provide methyl 2,6-difluoro-3-(N-(furan-2-ylsulfonyl)furan-2-sulfonamido)benzoate (1.561 g,
3.489 mmol). The crude material was then immediately dissolved in 17.5 mL 4:1 THF:MeOH (0.2
M) and treated with 2.0 M KOH (8.7 mL, 17.45 mmol). The reaction mixture was stirred at
ambient temperature for 2 hours. The organic solvent was removed under reduced pressure and

20  the aqueous residue acidified to pH 3 using 1.0 M HCI. Extraction with EtOAc (2x) was followed
by washing the combined organic extracts with water (2x). The crude product was then extracted
as its carboxylate salt with 1.0 M NaOH (2x). The combined aqueous NaOH extracts were
acidified to pH 3 using 6.0 M HCI and extracted with EtOAc (2x). The combined organic extracts
were washed with water (2x) and brine (1x) and then dried over Na,SO, and concentrated to

25  afford 2,6-difluoro-3-(furan-2-sulfonamido)benzoic acid (475.0 mg, 1.566 mmol, 44.91% yield).
LC/MS: m/z 302.0 [M-1]. »

Step B: 2,6-difluoro-3-(furan-2-sulfonamido)benzoic acid (475.0 mg, 1.566 mmol) was
dissolved in DMF (15.7 mL) and treated sequentially with triethylamine (0.637 mL, 4.699 mmol)
and then diphenylphosphoryl azide (0.524 mL, 2.350 mmol). The reaction mixture was stirred at

30 ambient temperature for 1 hour and then treated with 5 mL water and heated to 80°C for 16 hours.
The reaction mixture was cooled to ambient temperature and diluted with water. Extraction with
EtOAc (2x) and washing of the combined organic phases with water (4x) and brine (1x) was
followed by drying over Na,SO4 and concentration under reduced pressure. Purification vig flash
chromatography eluting with a gradient of 5 to >60% EtOAc:hexanes afforded

35  N-(3-amino-2,4-difluorophenyl)furan-2-sulfonamide (152.6 mg, 0.556 mmol, 35.52 % yield).
LC/MS: m/z 273.1 [M-1].
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Cl N\\c, C 4-Methyl-thieno[3,2-d]pyrimdine-7-carboxylic acid

[ 2, 6-di chI oro-3 -(3 -fluoro-propane-|-sul fonyl am no) - phenyl] -am de Step
A:  4- Chl owo-2Mti(@25%edi chl oro-3 -(3 -fluoropropyl sul fonarcual)sphienydsss hi eno
[3, 2

d] - 20 pyrimdine-7- carboxamﬁ§3Vﬁ§ epared in a simlar manner
described in Exanple 13, Step A, using (gf am no- 2, 4-di chl or ophenyl) -3
-fl uoropropane-1 -sul fonam de in H.ace
N- ( 3- am no- 4- chl or o- 2- f | uor opheny1l) - ung@ropane 1- sul f onam de.
Step B: A nicrowave vial was chapgedSuyit ﬁ%chloro N-(2,6-dichloro-3 -(3
-f 1 uor opropyl sul f onani do) phenyl )thi epo [l N23d] pyri ni di ne- 7- car boxani de
(0.08 g, 25 0.16 mml), trimethylal um num ( 0 nL, 2Min heptane),
tetralcis(triphenylphos-hine - calladlu 0) (0 02 g, 0.02 mmol ) and THF
(1.6 mL). The react No@-AC ; liling-Esulipnamideact or at 75 C
for 15 m nut I of n rate
concentrated | n @32%3%% % %él‘#ﬁ[&oﬁ }%‘Eﬁ é@ﬁ §€a“ree{/%‘%1§°e éé Zﬁ o a f or 81) in
4- met hﬂ])MiFf‘(Aér‘mLD Sas addild gmmmm@aa&mﬁt&(@rha@ Bi0D rﬁﬁlblj aba p@ndhctﬂﬁbqn@ﬂﬁnyl( 3
-fI oro-pro -sul - 30 fonKIanlno -phenyl | -am de (0.015 g, /% 1H NWVR
rﬁpﬁ%@l%wla 159 rgypols T qa%yenswnzaawrredFbamlgewemgeratm for 8 haurp.s|

%”14 Sﬁﬁth‘z rbgn s ignploccLpt & R NpOR P pich R4 b gl gy o 1

[ Mr1] . 1®5r mezmﬁ@ﬁﬂmyﬁﬁﬁﬂaﬂ/\ﬁdﬁ%&r FEX amip)l md4&ought4tol\1ﬁ{ [9ywith H@no
g% ,n(zji df'ﬁﬁ%r %fﬂ;}g Iegt%calgga\%abg%/%c (3%( gj mL:S2 g?‘hg Icglgc%g{rgteg organgc% vger}g plufl 1u ]:ncc)znyl

4- Chl orsgxd&( - dichkdiR4t8sr3piyPr OBMkiaY! f QM d9)phepykdeienal 3. & d] Byidd -
10 di ne-7-carboxam de was prepared in a simlar manner descrlbed i h Exanpl e

13,155t & (hamins-Ad-difl@ophenpbparalidiict | wolfomiredy ()88 rmpai6ds) | INVIBNEHD déHi.n

Pl ondsd ey 8B e 1 AR 6 B WHERGRBES 2D 3 283 33

4- chl or4ph)Nt 82,168 7int, 140! DEAVS oYUl fvengni de) phenyl ) t hieno [3
, 2-d] pyri m di ne-7-car boxam de(85ng, 0. 19nmol ), 15 nethyl boronic acid (29

ng 0.48 mmmol ), tetrakls(trlphenylphosphlne)palladlun(O) (33 ng, 0.03
mmol ), potassium phosphate (101 Mg ig ) and 1, 4-di oxane (1.9 nlL) The
reaction m xture was heated in a nlé?gl %ggpeactor at 120 C for 15 m nutes.
The salts were filtered off, and filtrate was concentrated in vacuo,
then purified by reverse phase HP Qf ford 4-nethyl-thieno [3 , 2-d]
pyrim dine-7-carboxylic acid [g pPe=3><(propane-1 -sul fonyl - 20
ani no) - phenyl | -ani de (24 my, 30%. IH NVR (400 Mdz, DVBO-d6) 6 10.87 (s,
1H, 9.71 (s, 1H), 9.32 - 9.21 (m FD ~7.32 (m 1FD 7.30 - 7.17
(m 1H, 3.14 - 3.03 (m 2H), 1.83 - 1.6 gkb 1.03 -0.92 (m 3H). mz
(ESONB) 427.0 [Mrl]. Exanple 41 25

C to _agéfl sﬂ%r?in%de

4- Et hyl -t hi gnels3,2
- (propane- |-

N-(3-Amino-2-chloro- 4 ﬂuorophenyl)propane 1-sulfonamide (75 g, 280 mmol) was
dissolved in N,N-dimethylformamide (200 mL, 2000 mmol). A 60% sodium hydride suspension

(o)

in mineral oil (6:4, sodium hydride : mineral oil, 11.85 g, 296 mmol) was added in multiple
25  portions over a period of 15 minutes. The reaction mixture was stirred at room temperature for 90
minutes and was then warmed to 40 °C for two hours. This homogeneous mixture was cooled to
0 °C and p-pethoxybenzyl chloride (40.03 mL, 295.25 mmol) was added over 5 minutes. The
reaction was left to stir and warm to room temperature. After 14 hours, the reaction mixture was
poured into a dilute ammonium chloride solution (1750 mL) and the water layer was decanted to
30  leave an orange oil. This oil was triturated three times with water (2 L). The remaining product
was transferred into a 1 L beaker, diluted with 800 mL water, sonicated for 30 minutes and then
stirred at room temperature for 1 hour. The resulting light yellow solid was collected via filtration

and dried by lyophilization to give 111.9 g (99 %) of
79



The title conmpound was prepared using a simlar procedure as described in
Exanpl e 40 using ethyl boronic acid instead of nethyl boronic acid. 1H NWR
(400 MHz,wONBG/&M06 10.87 (s, 30 1H), 9.72 (s, 1H), 9. BCT(s2010i686959. 28 (s,

75y, Gt §ghfindagfucforeny T -feind by ipodiq oy ihmidh 1 Qi

3H), 0.(680 MEz, BMS04dHB,7. AHY, J mi%6 HESHSP.9644d,0 + 18.6] 8.8 HADIH), 6.81 (t, J = 5.7

451 {1 3 aRBLh | (b G 3. e ) 48 O ALl obay b8 17ad i 417440/ il b o- 3

- (propa ; ) 1.00)= phe i 0 i ) =17
By Pp ity 578 SRS BTNA0)- DRCRYHz 2R (ALUS PR3N.S iz 2. 100 (17 =74 Tz,

t hi eno[B])2- d] pyri m di ne- 7- car boxani de was prepared in a sinilar manner as
described in Exanple 2, Step A, usi

N- (S@ am no- 2, 4-di f | uor opheny1) - I\I—(ﬁ’%‘é‘fﬂSNbenzyppr opanesul f onami de i nst ead
of N-(3-am no-2, 4-difl uorophenylp 4- met hoxybenzyl ) et hanesul f onam de.
15Step B: A microwave vial was ch l

- (N- (4- met hoxybenzyl ) propyl sulfonagi-dq)henyl)thieno [3

, 2-d] pyri mdi ne-7-carboxam de (0.541g, 0.95 mol),

4,4,5, 5-tetranmet hyl-2-vinyl -1, 3, 2- df oxaberohane (0.24 nm., 1.43 mol),

de (0.067 g, 0.1 nmol), sodium
carbonate (1.52 nlL, 1IMin water) and acetonitf@le (4.3 nL). The reaction

m Xture was hﬁ_ ed inp, / : r ) ) 15 minutes. The
reaction n‘ixtmﬁ% O { FRENORYOENA TAPASH SV EP ™ e | ayers
were separ atB @dcéhpoddUeaUsrehBYE LsiB) tth Eﬁ&eldarm@&r%a i EkBiplecaS Rt @ik

The conbi ned organi c layers were dried with sodiumsulfate, filtered and

concent¥4}-aminmZ galiflecromeaybpiepaner sulferenyide pestdai eef biy-(BtAmino-2-chloro-4-

chr,qmat . . 11

(3, o B RSBt b mmigr e PaisL SRR A M SO A i e
no [ 3 ,(zZaH)y91 #6.78%0k BId), 6:40qtd 0x815, des O, 115, §125 2L %), 4842(s( HS;, BB (§391)0

[ Mt1l] . StepC N (2,6-djifluoro-3 - ij[[)l\l-(4- met hox%ﬁenﬁbl‘ }ﬁgr ogyl '
sul f onah#Jo P pREAY éDal-§3 ny169me 63190 ) Hy7 /i e Mpibkddie3(433 ny,
0.24 mmol) was dissolved in dichloronethane (2 nL). Then, at -78 C, a flow
of ozone was passed through the solution for 5 mnutes. The reaction

m xture was allowed to warmto roolBxampbeAMure, and di methyl sulfide 30
(0.09 m., 1.2 mml) was added. The solution was diluted with

di chl or onet hane and washed w t h~a~satur te(g aqueous sol ution of sodiumthio
sul fate. The organic | ayer was dri i %um sulfate, filtered and
concentrated in vacuo. The crubdeNmXtumMe was purified by flash

chromat ography to afford N (2, 6-difFuoria- N- (4- met hoxybenzyl) -

propyl sul f onam do) pheny1l) - 4- (di hydroxynet t hi eno[ 3, 2-d] pyri m di ne-7-carb
OX"’}? de (47 ng, 35 34% . mz (ES-M5) 579.64Mp Step D0 To a solution of
N- (72, 6-di fl uoro-3- (N (4- net hoxybenzyl ) propyl - WO

2011/ 025940FPC3/AIBR0ID LI 4605 Hluorophenyl)-N-(4-methoxybenzyl)propane-1-sulfonamide

The title compound was prepared using the procedure described in Example AK using
N-(3-amino-4-chloro-2-fluorophenyl)propane-1-sulfonamide ~ instead of  N-(3-Amino-2-
chloro-4-fluorophenyl)propane-1-sulfonamide as starting material. '"H NMR (400 MHz, DMSO-

25  ds)67.18—-7.10 (m, 2H), 6.99 (dd, J=8.7, 1.7 Hz, 1H), 6.91 — 6.70 (m, 2H), 6.53 (dd, /= 8.6, 7.7
Hz, 1H), 5.43 (s, 2H), 4.66 (s, 2H), 3.70 (s, 3H), 3.26 — 3.19 (m, 2H), 1.85 — 1.61 (m, 2H), 1.00 (t,
J=7.4 Hz, 3H). ES-MS [M+NH4+] m/z 404.2/406.2.

30
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S5El ul f onam de) pheny1l) - 4- (di hydr oxynet hyl ) t hi eno

[ 3, 2-d] pyri m di ne-7-carboxam dei n di chl oronethane (1.2 nlL) was added

bi s( 2- mretwoxyattdryd4pam nosul fur trifluoride ("Deoxo-Fl uoPCx/useoi0a46vs5 0. 20
nolg) at -30 C. The reaction nlxtur §F2¥¢omed to warmto room
tenperature and stirred for 16 hou xanp whi ch nore

bi s(2- met hoxyet hyl ) am nosul fur trk rldg)(o 03 nL, 0.17 mml) was added
at -30 C. The reaction m xture was ' again to 10 warmup at room
tenperature and stirred for 8 nprg hg , olution was diluted with

di chl oromet hane and washed with a sagura &d _aqueous sol ution of sodi um

bi carbonate. The organic |ayer was dried W sodiumsul fate, filtered and
concentrated in vacuo. The crude

m xt ur ewaspuri fi edbyfl ashchr omat ogr aphyt oaf tord

N- (2, 6-difl uoro- SNG(B\I-Aminmez Mxﬂ/lhﬁmhﬂ)@bbvﬂzs'lﬂrt)mam gdfonamide

gf;oe/(;]yl ?ﬂézl E %émr t%ﬁ 21%% ﬁ}g(%@%]eqtﬁf %gcleﬁ ¢ rbox mwgg dgsgci)%lv{eﬁJ in

N- (2, 6-gint Jlliﬁﬁ?:‘ﬂgfli%hﬁ%q(d‘é MW@@(}I&& RS 0P¥! Sodium hydride (0.88 g, 22 mmol) was
quonanlde) phenyl)-4-(difl uoronmet hypthieno |3, 2- d]pyrlnldlne 7- car boxam de
(230ny added)m small portinngancithe nnmtatermamst(rfbd% rovin) tem;mraid@efdr l haul. Tbe odgt@td c
acid (0 1 ure to warmu
Foom ¢ o Rl 8 040 S e, S o ol addfE e o B B OPUHRA |
aci d (Gobh telaperaRse BRGRBNATA Bildte sdidBoh %ﬁmlm zsﬁuéﬁee VRa§ a@dddqeee nagakdy t o

marn1up at _roomtenperature and stirred for nore hours. The reaction
m xt ur ehoadxtprestrssted At oamdemperainaeion | hand Tb@u letllmV@)dep@i@i the (ph’erS%lePLC

to aff ] | i,c_ac
[2,6- dq&% gjlpg%% % é’%gg‘ggbé?me 1 asr‘l[ﬁ%ig%ny %ﬁﬁ‘i)wn é??@ apetg it 2@ % © %"d“‘?&%
1H ISVR \(Ie(bQﬁJri‘ﬂle us shﬁ:hﬂ(ﬁna?t@gléﬁhy dlel& eTﬁhdnS 0-306% cth?l Béktdt in héptanel) &3
(s, 1H, 45 - , (.42 (t, 1H), 24 (t, J= 8. 9&&
1H), 3. Yi@id Né3-6mlr(0rr¥ 42!11§1u0r9p1m1y1) -N- be@zyépfppazﬁ)l sl @amecie agan pilgwhich geyly m 2
(ES VB) oy 1

- Oyl opr ARt ah O erPARTR, 85 T1o0) GHNMR (400 MYl DMSQ:dp 8734 =716 (m.
[ 2- chl di); 681 I(LFE=D. BH(szIdpérﬁé-(td JuH 8.60%/V & hid), -S;ﬂzﬁe(syl}l) 440ai(sleH), 3.27 -Stigp A
4- Chl or 0- 2- chl f.luo N-(4- et hoxybenzyl ) propyl sul f onami do) -
phenyeﬁﬁ%g%é{%gg 8f§%ﬁi@¥§ Lg é ar’tb’anide was prepared using a simlar
progedure described in Exanple 2, Step A, using
N—(3-Anino-2-ch|oro-4-f|uorophenyl)-N— WO 2011/ 025940PCT/ US2010/ 046955 5
(4- met hoxybenzyl ) propane- 1 -sul f olkxangde A® pl ace of
N- ( 3- Am no- 2, 4-di f|l uor opheny1l) - y(4 nethoxybenzypethane sul f onam de.
Step B:
4- Chl oro- N- (2-chl oro-6-fl uor o- 3- né§ngybenzyppropylsulfonanldo)
phenyl )t hi eno[ 3, 2-d] pyri ni di nd¥{- carboY¥anm™de (69.6 ng, 0.119 mmmwol) and
cycl opropyl am ne (0.0827 niL, 1.193 fmolN_were dissolved in 1, 4-di oxane (0 5
m., 6 nmmol) and heated in a 10 m crowave actor for 45 ninutes at 120 C.
The reaction mixture was concentrated to dfyhess to give
N- (2-chl or o- 6- quoro 3 (N—(4 nethoxybenzyl)propylsulfonanldo) phenyl) 4-

(cycl opropyl am

Stirted ot PoOHIGE lr TNV oy T %98534%8%9 SRl i

dr psesN Mﬁfeﬂfyﬂdﬁﬁ@tﬁld@r(@ ISHL L and ’fh‘é Iﬁ&mﬂa Wabdodled oVé@ni@baH8 B hidridel Nl
dlnethylfornanlde filtered through a nylon disk and purified by reverse

phase HPBE tg %t b @mely yyas isideghyanshiheoflas |‘€%f@l%’fd]fﬁynlth¢ deenwater datthalist i c

aci d - 1- n decas, a tan
ol o (PR lhERyRic, ERERTRh e R A b AT Y PIIE 1% b3
9 63 ( mndlllr@n C(ﬁleﬁlGO\(eS ,anldré)batB .B¥efltoxybéfzyl Shl88dd 6.2 111, 3BILBmpY), whddded, 45
d, ? 7.32 (t, J=9.1 Hz, 1H), 3.06 (dd, . J= 8.6, 205.4
HZ 3H) fol ciweﬁﬁbx ga“ﬂng qu_rgu@t gradpiajly raisipg to g te(mgperqjuerhe F@ctlwlxtgregy&( S,
2 0. 4 |
2000 it b WL D Bl 30 s oFYRURUE 8yl sl
ammonium chloride (v/v 50:50) was added. The reaction mixture was then stirred at room

temperature overnight. The precipitated solid was collected by filtration and then purified by flash
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[ 2-chl oro- 6-fl uoro-3-(propane-| -sul fonyl am no) - phenyl ] -am de The
title conpound was was prepared using a simlar procedure described in
Exanpl e AB0 2086026946t hyl am ne i nst ead of cycl opropyl am neCTAI2NMR4¢95D0 MHz,

(o, = erinderding * G2 5, Wiyliy S50 [ Fubty, Ml dfplife 29, !

1H) 3.893-anhino-2.4- (ﬂ.ﬂucﬁropﬂengl)h’i (4 ﬂlhﬂ)&xy&r&él)cth&qd@ﬁlféﬂwnlaélh)s a lsoli6 @32 ¢=

15 3, 7

1531 TSl e ol 0 S 5 s G o e e b st bbitinss
54- Pr opy-L i wr I r a
[ 2- chl 6/?/0@? ?lﬁ)gr]lﬁgosl?gp oggz 4-(?1{1&1??;13%0;@ ﬁﬁ% ﬁgﬂyﬁ63 2H2fe1'29 &= 7‘IShe
title ddmpéllind was was prepared using a simlar procedure described in
[E)I\xgg)l e 43, using propylam ne instead of cycl opropylam ne. 1H NVMR (500 MHz,

dé) 6 11.51 (s, 111), 9.57 (s, 11-1), 8.92 (s, 1H), 8.61 (s, 1H), 8.38

(t, J= 5.6 Hz, 111), 7.46 (dd, J _]gxaqn AP Hz, 1H), 7.36 10(t, J = 9.1 Hz,
1H), 3.52 (dd, J = 13.5, 6.4 Hz, §18 -3.05 (m 2H), 1.86- 1.73 (m
2H),1.73-1.59(m2H),099(F 74Hz 3H), 0.94 (t, J =7.4 Hz,
3H). M5s mz = 486.3 [ M+1]. Exarrple I\/Ethylamnothleno[S 2-di
pyrimdi ne-7-carboxylic acid [HNG-TIT luor <3
- (propane-| - sul fonyl am no) - phenyl ] -cam d
St epA: 4-Chl oro-N- (2, 6-di fluoro-3-(N-(4-
phenyl )t hi eno[ 3, 2-d] pyri m di ne- 7- car boxan was prepared using a simlar
procedure described 20 in for Exanple 2, epoA; using

gl- gg eag} no- 2N-(3dJAInlnllj(§) 5 B{]OI'(I;] ylﬂuorophen I\p ?Af( Xl%ﬁloxxbgng{d?g[ﬁgrﬁ;su -fosnlgllnil enam de in

N- (13- Ami no- - et é dﬁﬂh%élﬁre}%hédluﬁﬁélﬁ@( ReOFNE HeLBES 1S Elxgxﬁgl%%@eusmg
St epB: 4- Chl or o- N-( di fl uoro-3-(N-(4-net oxybenzyl ) pr opyl sul T onamni do)™~-
phéday| yY-hi-amifos? Ehld}q:%ﬂwmnhmylkihmntbdfoamm@tb (486. 2imy, 0. 87Pfacemol ) waef

dISSO|V |n 2 5 | uti f .reth e in_ethanol 4 e
react i on éﬁ@uﬂ@gﬁw eﬂlaﬁeﬁlre{ P?}R&eieasr gapgm tFI(I%L]OSIMCN%I? (g@a Mﬂﬁ’t es.
The ni >@Mse) w?ss TONCE M=+ 8l6ad,, 2RSS 96 edlged] (07,858 HzE113)) €. 910(@d.¢d= QntHy, 9Hh, ca.
The crude ct was purifi ed Usi ng flash chr omat ogB ﬁﬁéﬁé gr adi ent

{

el uti o4 ﬂo@%g(%tSh&HZaH& a6 (% %@W&ﬁét(ﬁ:aﬁollﬂ 3z, H ho14itdiz 1H),

N (2, 6- I | f d h 1)-4- t hyl
|n(())th|3géngo F%ﬁgg%@k?é}grim :i#e% -Z%Iappbgo@g’ﬁ gagn:mf og%p(ggyrrzg 4(()‘%9 {Ham
NVRO(500 MHz, DVSO-d6) 6 11.33 (s, 1H), 8.93 (s, 1H), 8.63 (s, 1H), 8.40 -
8.30 (m 1H). 7.33 -7.22 (m 1H), 7.21 -7.11 (m 3H). 6.85 (d. J= 8.6 Hz,
2H), 4.71 (s, 2H), 3.71 (s, 3H), 3! ExgmplsAR; (m 2H), 3.04 (d, J= 4.5 Hz,

haxybenzyl ) propyl sul f onani do) -

3H, 1.85 - 1.73 (m 2H), 1.01 ¢{, J= 7.4 Hz, 3H). StepC N (2,6-Di fluoro-3
-(N-(4- met hoxybenzyl ) propyl sul f ona )ghgﬂnyl) 4-
H,N S
O/

N-(3-Amino-4-chloro-2-fluorophenyl)-N-(4-methoxybenzyl)ethanesulfonamide

The title compound was prepared using the procedure described in Example AO using
25  N-(3-amino-4-chloro-2-fluorophenyl)ethanesulfonamide in place of
N-(3-Amino-2,4-difluorophenyl)ethanesulfonamide as starting material. 'H NMR (500 MHz,
DMSO- dg) 6 7.14 (d, J= 8.6 Hz, 2H), 6.99 (dd, J= 8.7, 1.5 Hz, 1H), 6.83 (t,J= 5.8 Hz, 2H), 6.59
—6.43 (m, 1H), 5.42 (s, 2H), 4.66 (s, 2H), 3.72 (s, 3H), 3.25(q, /= 7.4 Hz, 2H), 1.29 (t,/=7.3 Hz,
3H).
30
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35 (et hyl am no)t hi eno[ 3, 2-d] pyri m di ne-7-car boxam de (55 ng, 0.098 mol)
was di ssolved in a solution of hydrogen chloride in 1,4-dioxane (4 M 8.0
m.). The weaoti/mm4m xture was stirred at 45 WO PCT/US2010/046955
2013/ 025940PCT/ US2010/ 046955 5C fokﬁg (ii,@é/g and the resulting precipitate
was filtered off. The solid was washe ﬁethyl

acet at eanddr i edi navacuunovenover ni ghtt oyi el d

4- et hyl am no-t hi eno[ 3, 2-d] pyri R _disre- 7- car boxyl i caci d[ 2, 6-di f1 uor o- 3-(prop
ane-1- sul fonyl am no) - phenyl] - am s ‘P\\h,% HCl salt (crystals, 25 ng, 53%.
1H NVR (400 MHz, DMSO- d6) 8 1343835 ™~1Hj, 9.73 (s, 1H), 9.22 - 8.86
(m 1H), 8.66 (s, 1H), 7.40 (td, J=108.9, 5.7 Hz, 1H), 7.24 (t, J= 9.2 Hz,
1H, 3.15 - 2.99 (m 5H, 1.83 - 1.67 (m 2H), 0.98 (t, J= 7.4 Hz, 3H).

LO M5: ml z 442. 0 N-(3-Amind=2 Arfpirdludiopheiy1D 3-fBlorddroidn-1eyudfonpmatey | ani no-t hi eno

1-3, 2-di im di ne- 7- b ] i.d 2, 6-difl -3 til i - h
-am de ;pyr IT.rg alﬁf{}%ﬁ;(ﬂg@ﬁlﬂg? ,%g’_é?t%hﬂ?ﬁ"é@@-e@ﬁ:l op g’g‘gﬂef Qﬁiﬁﬁﬁé’) é’ggﬁgﬂ'f“?’ﬁh'inengn
[3 , 2- dichidtbinBidhé €277 nE 21400 rﬁfﬁﬂ])d%\gl(; %éiéecﬂl}zyl(?%ig% gm' ul, FBPRERA. Gthel Radged ! €

40, Step A) and cycl opropyl am ne (0. mol ) were conbined in
1, 40di oxzhee pos Soeled tafid Chet ddluoropaomrine rleswdfvorylr ddartider (742 126 88 n@ol) ovas20

e s srTioR S5 THR B BhHG s el 80 B8 W X ek wir St B0, BV B e
bi car bengings Wwherdi@ativia teai@id phessurdl 2n8dhd\rube siddusiaw 8 urifle@MEB0EHK a8188nt O

dryness_and purified by silica_gel chromat o%raphy (0-30% et hyl )
acet at éhrosptegienhyt o gplpted af t ithdryi hd i n ethyhcuussestehesansr ni giet,  give

o b oA B L oy LMo B T o G RS G2 P SBNMR (4980
1H1N¥RMH§,G%MSD,) 5D|fﬂQs,d1$i)ég-54 §%t3$jgafﬁljg)HZ§ Qgﬁ,ﬁz.??&(ls, A1), ;t.a;).z(wz( 525&%&%}&2 63
159, B 6 o6 HL3 26 1 396 (a7 9 199 e 2t Ll 156 1081 2876207
Hz, 3H), 0.85 (s, 2H), 0.71 (s, 2%“1}@@1;5 = 468.1 [M+1]. 30Exanpl es 48-63
in Table 3 were prepared according to e procedure described in Exanple 47
using appropriate starting materi als-NTabbe 3 Exanple Structure Name M
mz 114 NMR 8 no. | N} o
Cl S ’

Methyl 4-chlorothieno[3.2-d]pyrimidine-7-carboxylate
20 Step A: To a solution of 3H-thieno[3,2-d] Julfona-4-one (25 g, 164 mmol) in acetic acid

(200 mL) was added bromine (26 mL) dropwise. The reaction mixture was heated at 100 °C for 8

hours. The resulting suspension was cooled to room temperature, poured into water, and

neutralized with solid sodium bicarbonate. The solid product was collected by vacuum filtration to

yield 21.4 g of 7-bromo-3H-thieno[3,2-d](lulfona-4-one (60% yield) as a solid. "H NMR (500
25  MHz, DMSO-ds) 6 12.75 (s, 1H), 8.38 (s, 1H), 8.27 (s, 1H).

Step B: 7-Bromo-3H-thieno[3,2-d]Oulfona-4-one (10.0 g, 40.7 mmol), [1,1°-bis-
(diphenyl-phosphino)ferrocene]dichloropalladium(Il) complex with dichloromethane (1:1)
(830.5 mg, 1.017 mmol), triethylamine (28.35 mL, 203.4 mmol), and methanol (80 mL) were
combined in an autoclave fitted with a large stir bar. The mixture was purged with nitrogen for

30  five minutes. The vessel was placed under an atmosphere of carbon monoxide (300 psi) and
heated to 120 °C for 3 hours. The vessel was cooled to room temperature and the reaction mixture
was filtered. The collected solids were washed with methanol (250 mL). The solids were air-dried
to give methyl 4-hydroxythieno[3,2-d]pyrimidine-7-carboxylate (6.8 g, 80%). 'H NMR (400
MHz, DMSO- d) 6 12.74 (s, 1H), 8.90 (s, 1H), 8.27 (s, 1H), 3.89 (s, 3H).
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(400 MHz, DWMSO- d6) 48 N 711 M 2-d]pyrim dine-7-carb \0 's" Moo
NO',--- HH 4-Ethyl am no-thieno[3 oxylic acid [2,6-difluoro-3-(propa
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2H), 1. @Zsolvell. i6i6phipspho?y) chldride3(100 nvID) R0 ImhhdHMHARShIedFE G000 46195 holms aThd e
mixture was stirred at room temperature overnight. The phosphoryl chloride was distilled off, and
the solids were neutralized with ice and sodium bicarbonate. The resulting suspension was filtered
to give a solid, which was triturated with anhydrous ether. The resulting suspension was filtered to
10 yield methyl 4-chlorothieno[3,2-d]pyrimidine-7-carboxylate as a solid (6.76 g, 96%). 'H NMR
(400 MHz, DMSO-dg) 6 9.30 (s, 1H), 9.17 (s, 1H), 3.91 (s, 3H).

Example AT
X
Bl o
HN p
/d S OH
MeO OMe
15 4-(2.4-Dimethoxybenzylamino)thieno[3.2-d]pyrimidine-7-carboxvlic acid

Step A: Methyl 4-chlorothieno[3,2-d]pyrimidine-7-carboxylate (0.396 g, 1.73 mmol),
DIEA (0.452 mL, 2.60 mmol), and (2,4-dimethoxyphenyl)methanamine (0.274 mL, 1.82 mmol)
were dissolved in DMF and heated to 60 °C for 3 hours. The reaction was cooled to room
temperature, partitioned between EtOAc and water and the layers separated. The organic layer
20 was washed with water (3X), 0.1N HCI and brine, dried over Na,SO4 and concentrated to give
methyl 4-(2,4-dimethoxybenzylamino)thieno[3,2-d]pyrimidine-7-carboxylate as a tan oil which
was used directly in the next step.
Step B:  Methyl 4-(2,4-dimethoxybenzylamino)thieno[3,2-d]pyrimidine-7-carboxylate
(0.622 g, 1.73 mmol) was dissolved in 4:1 THF/MeOH (20 mL). NaOH (2.0 M, 2.60 mL, 5.19
25  mmol) was added and stirred at room temperature overnight. The solution was brought to pH 12
with 0.1N NaOH and diluted with EtOAc. The layers were separated and the aqueous layer was
acidified with 1.0 N HCI to pH 3 and extracted with dichloromethane (3X). The combined
organics were dried over Na,SO, and concentrated to give 4-(2,4-dimethoxybenzylamino)thieno-
[3,2-d]pyrimidine-7-carboxylic acid (365 mg, 1.06 mmol, 61%) as a tan solid. 'H NMR (400
30  MHz, DMSO-dg) 6 9.48 (br s, 1H), 8.99 (s, 1H), 8.63 (s, 1H), 7.13-7.15 (d, 1H), 6.59 (s, 1H),
6.46-6.49 (d, 1H), 4.69-4.70 (d, 2H), 3.81 (s, 3H), 3.74 (s, 3H); m/z (APCI-pos) M+1 = 346.1.

Example AU
/=N O
\ , o~
Cl N
/
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Step A: Diethyl 2-aminomalonate hydrochloride (20 g, 90 mmol) and ethyl
2-cyano-3-ethoxyacrylate (16 g, 94 mmol) were dissolved in ethanol (250 mL). Sodium ethoxide
(21 g, 310 mmol) was added, and the mixture was heated to reflux for 14 hours. The mixture was
neutralized with acetic acid (20 mL) and concentrated. The mixture was partitioned between
dichloromethane and water. The aqueous layer was extracted twice with dichloromethane. The
combined organic layers were washed with brine, dried over sodium sulfate, and concentrated.
The resulting solid was triturated with a mixture of heptanes and dichloromethane (10:1)
overnight:  The  suspension was  filtered to  yield 12.5¢ of  diethyl
3-amino-1H-pyrrole-2,4-dicarboxylate as a solid (80% yield). "H NMR (400 MHz, DMSO-ds) &
11.53 (s, 1H), 7.20 (d, J= 4.0 Hz, 1H), 5.57 (s, 2H), 4.27 — 4.11 (m, 4H), 1.32 - 1.19 (m, 6H).

Step B: Diethyl 3-amino-1H-pyrrole-2,4-dicarboxylate (10.0 g, 44.2 mmol) was dissolved
in ethanol (30 mL). Formamidine acetate (14.2 g, 136 mmol) was added, and the mixture was
heated to reflux overnight. The mixture was filtered hot. The solids were triturated with hot
methanol and filtered, followed by trituration with hot ethanol and methanol to yield 7.9 g of an
8:1 mixture of ethyl 4-hydroxy-5H-pyrrolo[3,2-d]pyrimidine-7-carboxylate and ethyl
4-hydroxy-6H-pyrrolo[3,4-d]pyrimidine-7-carboxylate as a solid. 'H NMR (400 MHz,
DMSO-dg) 6 12.88 (s, 1H), 12.14 (s, 1H), 7.93 (s, 1H), 7.90 (s, 1H), 4.24 (g, J=7.1 Hz, 2H), 1.28
(t, J=7.1 Hz, 3H). ;

Step C: A 8:1 mixture of ethyl 4-hydroxy-5H-pyrrolo[3,2-d]pyrimidine-7-carboxylate and
ethyl 4-hydroxy-6 H-pyrrolo[3,4-d]|pyrimidine-7-carboxylate (3.4 g) was suspended in phosphoryl
chloride (30 mL, 300 mmol), and the mixture was heated to reflux overnight. The mixture was
cooled, diluted with ether and filtered. The solid was suspended in dilute sodium bicarbonate
solution, stirred for 2 hours and filtered to yield ethyl
4-chloro-5H-pyrrolo[3,2-d]pyrimidine-7-carboxylate as a single isomer (2.78 g, 94%). 'H NMR
(400 MHz, DMSO-d;) 6 13.28 (s, 1H), 8.80 (s, 1H), 8.56 (d, /J=3.2 Hz, 1H), 4.31 (q,J= 7.1 Hz,
2H), 1.33 (t, J= 7.1 Hz, 3H).

Step D: Ethyl 4-chloro-5H-pyrrolo[3,2-d]pyrimidine-7-carboxylate (500 mg, 2.22 mmol)
was dissolved in N,N-dimethylformamide (4 mL, 50 mmol) and cooled to 0 °C . Sodium hydride
(60% in mineral oil, 115.2 mg) was added, and the mixture was stirred at 0°C for 20 minutes.
Methyl iodide (165.5 uL, 2.659 mmol) was added, and the mixture was slowly warmed to room
temperature. The mixture was quenched with ammonium chloride solution and extracted with
dichloromethane three times. The combined extracts were washed with brine, dried over sodium
sulfate and concentrated. The crude product was purified using flash chromatography (gradient

elution: 0-100% ethyl acetate + 15% MeOH in heptanes) to yield ethyl
85
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470.1 [M+1] (dd, 8.92 11.33 (s, 1H), 10.33 -9.63 (m 1H), (s, 1H), 8.61
(s, 1H), 8.39 (t, J= 5.5 Hz, 1H), 7.35 (dd, J= 14.6, 8.9 Hz, 1H), 7.16 (t,
J= 9.1 Hoyobmyo25461  J= 13.4, 6.4 Hz, 2H), 3.10- 2 95 PCHUS2HD/046b57 4 ( dt

1=, 55, by o e e b g iyt Ao G She. 7B4F 1R

[ 3, 2- d]NVIR @DdMHzﬂBM@UJdQM V’P(sa¢H9l d@sﬁs UHb, | 430 Qr, I=(P1 IBANED, 4.16 (s, 3H)

1- sul f onyl am no) }ghe 470. I\/H] 38 (s, 1H), 9.71 (s, 1H), 8.93
(s, 1HL3B(t6A={4d, azl;i)ﬁ/) 8.19 (d J= 7.5 Hz, 1H), 7.38 (td, J= 8.9, 5.8 Hz,
1H), 7.21 (t, J= 8.8 Hz, 1H), 4.51 (dgq, J= 13.4, 6.6 Hz, 1H), 3.16 - 2.99
(m 2H), 1.89- 1.66 (m 2H), 1.27 (d, J6.6 Hz, 6H), 0.98 (t, J= 7.4 Hz, 3H)
51 7---- N H 4-(1-Methyl -butyl am WxhmpléAano[ 3, 2-d] pyri m di ne

- 7-carboxylic acid [2,6-difluoro-3- (prgpane- 1- sul f onyl am no) - phenyl

]-am de 498.1 [ M+1]

10
Ethyl 7-hydroxyisothiazolo[4.3-d]pyrimidine-3-carboxylate

Step A: 2-Cyanoacetamide (10.0 g, 0.119 mol) and sodium nitrite (10.0 g, 0.145 mol) were
dissolved in water (100 g, 5 mol) and cooled over an ice bath. Acetic acid (13.3 mL, 0.234 mol)
was added by addition funnel over 30 minutes maintaining the temperature of the ice bath below

15 20 °C. The reaction mixture was then stirred overnight, gradually warming to room temperature.
After 16 hours the aqueous layer was extracted with 100 mL aliquots of ethyl acetate (2x). The
combined organic layers were dried over magnesium sulfate, filtered and concentrated to give
(E)-2-amino-N-hydroxy-2-oxoacetimidoyl cyanide (11.99 g, 89.1 %). 'H NMR (400 MHz,
DMSO-de) 6 14.42 (s, 1H), 7.83 (d, J=27.0 Hz, 2H).

20 Step B: (E)-2-Amino-N-hydroxy-2-oxoacetimidoyl cyanide (5.032 g, 44.5 mmol) was
suspended in pyridine (35.99 mL, 44.5 mmol) and cooled to 0 °C. To this reaction mixture was
added p-toluenesulfonyl chloride (8.48 g, 44.5 mmol) in four portions over 15 minutes, and the
reaction was stirred over an ice bath for one hour and then diluted to 250 mL with ice water. The
precipitated solid was collected by filtration and dried over vacuum to give

25  (E)-2-amino-2-oxo-N-(tosyloxy)acetimidoyl cyanide (11.01 g, 92.6 %). 'H NMR (500 MHz,
DMSO- dg) 6 8.22 (s, 1H), 8.16 (s, 1H), 8.02 (d, J = 8.4 Hz, 2H), 7.54 (d, J= 8.1 Hz, 2H), 2.45 (s,
3H).

Step C: To a stirred suspension of (E)-2-Amino-2-o0xo-N-(tosyloxy)acetimidoyl cyanide
(11.01 g, 36.3 mmol) in ethanol (30 mL, 0.6 mol) cooled over an ice bath was added ethyl

30  thioglycolate (4.77 mL, 43.5 mmol). Morpholine (4.75 mL, 54.5 mmol) dissolved in 6 mL ethanol
was added via an addition funnel over fifteen minutes. After twenty minutes the reaction mixture
was diluted with 150 mL ice water. The precipitated solid was collected by filtration and dried
over vacuum to give ethyl 4-amino-3-carbamoylisothiazole-5-carboxylate (7.443 g, 95 %). 'H
NMR (500 MHz, DMSO-ds) 6 8.11 (s, 1H), 7.75 (s, 1H), 6.83 (s, 2H), 4.34 —4.26 (m, 2H), 1.29 (t,

35 J=7.1Hz 3H).

Step D: Ethyl 4-amino-3-carbamoylisothiazole-5-carboxylate (7.44 g, 34.6 mmol) was
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11.39 (s, 1H), 9.69 (s, 1H, 8.92 (s, 111), 8.59 (s, 1H), 8.12 (d, J= 8.1
Hz, 1H), 7.38 (td, J= 8.8, 5.8 Hz, 1H), 7.22 (t, J= 9.2 Hz, 1H), 4.55 -4.39
(m 1H), WO0R611/0232400 (m 2H), 1.83 - 1.70 (m 2H), 1.65PCutUsS2d16/04:d57, 8 5
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Example AW

N/tN O
HN \-S

Ethyl 7-aminoisothiazolof4.3-d]pyrimidine-3-carboxylate

A mixture of ethyl 7-hydroxyisothiazolo[4,3-d]pyrimidine-3-carboxylate (0.509 g, 2.26
15 mmol) dissolved in acetonitrile (2.25 mL) and 2,6-lutidine (1.23 mL, 10.6 mmol) was heated to 50
°C. Upon temperature stabilization, phosphoryl chloride (0.297 mL, 3.18 mmol) was added to the
reaction mixture in a drop-wise fashion and heating continued for an additional 2 hours. The
reaction mixture was then cooled to room temperature and 1H-1,2,4-triazole (1.56 g, 22.6 mmol)
was added. The reaction mixture was allowed to stir at room temperature overnight. Ammonia
20  gas was passed through the solution for 1 minute, and the reaction mixture was allowed to stir for
an additional hour. The reaction mixture was concentrated under reduced pressure and purified by
flash chromatography to give ethyl 7-aminoisothiazolo[4,3-d]pyrimidine-3-carboxylate (312 mg,
62%). '"H NMR (400 MHz, DMSO-d) 6 8.47 (s, 1H), 8.36 (s, 2H), 4.41 (q, J=7.1 Hz, 2H), 1.35
(t, J=7.1 Hz, 3H). MS m/z = 225.0 [M+1].
25 Example AX

N/:N O
N\
HN N-S

/

Ethyl 7-(ethylamino)isothiazolo[4.3-d]pyrimidine-3-carboxylate

Step A: To a stirmed mixture of ethyl 7-hydroxyisothiazolo[4,3-d]-
pyrimidine-3-carboxylate (0.500 g, 0.00222 mol) in tetrahydrofuran (20 mL, 0.2 mol) was added

30  benzotriazol-1-yloxytris(dimethylamino)phosphonium hexafluorophosphate (1500 mg, 0.0033
mol) followed by 1,8-diazabicyclo[5.4.0]undec-7-ene (432 uL, 0.00288 mol). After five minutes
ethylamine gas was bubbled through the reaction mixture for 1 minute and the reaction mixture

was allowed to stir at room temperature for one hour. The reaction mixture was concentrated

under reduced pressure and purified by flash chromatography to give ethyl
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1- sul f onyl am no) - phenyl 1-am de 492.1 M+l1l- | 1 - 11.25 (s, 1H), 9.76 (s,
1H), 9.00 (s, 1H), 879(t J= 5.7 Hz, 1H), 8.70 (s, 1H), 7.47 -7.29 (m
1H), 7.20w0t2p11025904 Hz, 6.42 - 6.09 (m 1H), 4.00r(Cuds2de/04®58, 10. 3,

A EE T MENT TR T

n0[3 2- ‘diNMR(mad)lmfz?DMS(DJa@M D6 (|qHY, 5{22@—(11H§I4J431r@r 3=(7arlq@azm 3.66 —3.49
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8. 93 (s(m.2H), 1.8 élJ(:s ﬁzﬁf,l)é.z_if{t JE 73 Hz, 6H). MBS m/zy 255.03H1Yd, 3 = 8. 8,
5.7 Hz, 1H) 7.21 (t, J= 9.1 Hz, 1H), 4.58 (dd, J= 13.8, 6.9 Hz, 1H), 3.14
- 3.00 (m 2H), 2.04 (dd, J= 18.0, 6.0 Hz, 2H). 1.85- 1.50 (m 8H), 0.98

(t, J=7.4 Hz, 3H) Example AY
N\&N 0
HNWO/\
A N-S
10

Ethyl 7-(cyclopropylamino)isothiazolo[4,3-d]pyrimidine-3-carboxylate

The title compound was prepared using a similar procedure as described for Example AX
using cyclopropanamine in place of ethylamine gas. 'H NMR (400 MHz, DMSO-ds) & 9.17 (s,
1H), 8.47 (s, 1H), 4.41 (q, J=7.1 Hz, 2H), 3.16 (s, 1H), 1.35 (t, /= 7.1 Hz, 3H), 0.89 — 0.66 (m,
15 4H).LC/MS m/z =265.1 [M+1].

Example AZ

)

/=N OH
HN. )

-N
o S

7-0Ox0-6.7-dihvdroisothiazolo[4.5-d]|pyrimidine-3-carboxvlic acid

20 Step A: To a well-mixed combination of ethyl 4-amino-3-carbamoylisothiazole-
5-carboxylate (3.62 g, 16.82 mmol; Liebigs Ann. 1979, 1534-1546) and formamidine acetate
(5.253 g, 50.46 mmol) was added formamide (13.36 mL, 336.4 mmol). The reaction mixture was
heated at 180 °C. The solution slowly turned dark and water was observed condensing. After 3.5 h
heating, the cooled reaction mixture was diluted with water and filtered to afford

25  7-0x0-6,7-dihydroisothiazolo[4,5-d]pyrimidine-3-carboxamide (2.61 g, 13.30 mmol, 79.10 %
yield) as a brown solid. LC/MS: m/z 180.1 (100%), 197.1 [M+1] (55%).

Step B: To 7-oxo0-6,7-dihydroisothiazolo[4,5-d]pyrimidine-3-carboxamide (2.61 g, 13.3
mmol) was added 6 M hydrochloric acid (22.2 mL, 133 mmol). The mixture was heated at 100 °C
for 2 h. The reaction mixture was cooled and poured onto 50 mL ice-water. The brown solid was

30 collected by vacuum filtration to yield = 7-ox0-6,7-dihydroisothiazolo[4,5-d]-
pyrimidine-3-carboxylic acid (1.75 g, 8.88 mmol, 66.7 % yield). 'H NMR (400 MHz, DMSO-ds)
0 8.30 (s, IH). LC/MS: m/z 152.1 (100%), 195.1 [M+1] (15%).
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4-(2.4-Dimethoxybenzylamino)-5-methylthieno[3.4-d]pyrimidine-7-carboxylic acid
Step A: (Z)-2-Cyano-3-(dimethylamino)but-2-enamide (4.23 g, 0.0276 mol), ethyl
thioglycolate (3.63 mL, 0.0331 mol) and potassium carbonate (0.267 g, 0.00193 mol) were

dissolved in ethanol (30 mL, 0.5 mol) and heated at reflux overnight. Upon cooling to room
temperature the reaction mixture was diluted with 100 mL water and the resulting solid collected
by filtration and dried in  vacuo to give ethyl 3-amino-4-carbamoyl-
5-methylthiophene-2-carboxylate (92.82 g, 44.8 %). "HNMR (500 MHz, DMSO-ds) 8 7.52 (d,J
=7.2 Hz, 2H), 6.51 (s, 2H), 4.32 — 4.03 (m, 2H), 1.34 — 1.14 (m, 3H). MS m/z = 229.0

Step B: Ethyl 3-amino-4-carbamoyl-5-methylthiophene-2-carboxylate (2.82 g, 0.0123
mol), ethyl orthoformate (2.88 mL, 0.0172 mol) and acetic anhydride (12.4 mL, 0.131 mol) were
combined and heated at 135 °C for 4 hours. The reaction mixture was cooled to room temperature
and the  precipitated material  collected by filtration to  give  ethyl
4-hydroxy-5-methylthieno[3,4-d]pyrimidine-7-carboxylate (2.20 g, 75 %). '"H NMR (500 MHz,
DMSO-ds) 6 11.92 (s, 1H), 7.94 (s, 1H), 4.43 —4.20 (m, 2H), 2.89 (s, 3H), 1.29 (td, J=7.1, 5.1 Hz,
3H). MS m/z =239.0

Step C: Ethyl 4-hydroxy-5-methylthieno[3,4-d]pyrimidine-7-carboxylate (0.522 g, 2.19
mmol) and 2,6-lutidine (0.510 mL, 4.40 mmol) were dissolved in acetonitrile (2.22 mL, 42.5
mmol) and heated to 50 °C. Upon temperature stabilization, phosphoryl chloride (0.408 mL, 4.38
mmol) was added to the reaction mixture in a drop-wise fashion and heating continued for an
additional 4 hours. The reaction mixture was cooled to room temperature and quenched via
drop-wise addition into a stirring, ice-cooled solution of N,N-diisopropylethylamine (7 mL, 40
mmol) and 2,4-dimethoxybenzylamine (0.383 mL, 2.55 mmol). After 30 minutes of stirring at
room temperature, additional 2,4-dimethoxybenzylamine (0.4 mL, 2.6 mmol) was added to the
reaction mixture. After an additional hour of stirring the reaction was concentrated and
partitioned between ethyl acetate and 1M potassium bisulfate prior to purification by flash
chromatography to give ethyl
4-(2,4-dimethoxybenzylamino)-5-methylthieno[3,4-d]pyrimidine-7-carboxylate (440 mg, 85%
purity). This material was dissolved in tetrahydrofuran (20 mL, 0.2 mol) to which was added

water (3 mL, 0.2 mol) and lithium hydroxide (34.5 mg, 0.00144 mol). The reaction mixture was
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[2,6- d'i-tifﬂﬁﬂngihé%&%ﬂcﬁmn%}§%Jtﬂ§lﬁn&ﬂﬂ9)d]ﬁn%mnel ’ﬁggrggxyﬁllac]id [dY%] mg,
20 %). "H NMR (400 MHz, DMSO-dg) § 7.22 (m, 1H), 6.59 (s, 1H), 6.46 (m, 3H), 4.72 (s, 2H),
10 3.84 (s, 3H), 3.73 (s, 6H). MS m/z=360.0 [M+1].

Example BB

/=N O

Z

4-(2.4-Dimethoxybenzylamino)thieno[3.4-d]pyrimidine-7-carboxvlic acid

15 Step A: Ethyl 4-aminothiophene-3-carboxylate hydrochloride (5 g, 20 mmol) and
formamidine acetate (16.1 g, 155 mmol) were dissolved in ethanol (50 mL, 800 mmol) and heated
to reflux overnight. The reaction mixture was cooled over an ice water bath and the precipitated
solid collected by filtration. This solid was resuspended in 100 mL water and stirred for 5 minutes
before being refiltered and dried over vacuum to give thieno[3,4-d]pyrimidin-4-ol as a tan solid

20 (2.89 g, 70%). '"HNMR (400 MHz, DMSO-ds) 8 11.60 (s, 1H), 8.41 (s, 1H), 7.76 (d, J=13.9 Hz,
2H). MS m/z = 158.2.

Step B: Thieno[3,4-d]pyrimidin-4-ol (7.529 g, 0.04948 mol) was suspended in a mixture
of acetic acid (60 mL, 1 mol) and chloroform (60 mL, 0.8 mol). N-Bromosuccinimide (9.69 g,
0.0544 mol) was added, and the reaction was stirred at room temperature for 1 hour. The reaction

25  mixture was diluted with ethyl ether and the precipitated solid collected by filtration to give
7-bromothieno[3,4-d]pyrimidin-4-ol (7.11 g, 62%). 'H NMR (400 MHz, DMSO-dq) 5 11.82 (s,
1H), 8.56 (s, 1H), 7.88 (d, J=2.8 Hz, 1H). MS m/z =232.9.

Step C:  7-Bromothieno[3,4-d]pyrimidin-4-ol  (7.1112 g, 30.775 mmol),
[1,1°-bis(diphenylphosphino)ferrocene]dichloropalladium(Il),complex with dichloromethane

30 (1:1)(1.508 g, 1.847 mmol), triethylamine (21.4 mL, 153.9 mmol), and methanol (37.4 mL, 923.2
mmol) were combined in an autoclave and the mixture was degassed with nitrogen for five
minutes. The reaction was placed under an atmosphere of carbon monoxide at 300 psi, heated to
120 °C and stirred for 3 hours. After cooling, the precipitated solid was collected by filtration,
rinsed with methanol, and dried in a vacuum oven ovemight to give methyl

35  4-hydroxythieno[3,4-d]pyrimidine-7-carboxylate (5.72 g, 88%). 'H NMR (400 MHz, DMSO-dj)
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11.36 (s, 1H), 9.78 (s, 1H), 8.93 (s, 1H), 8.60 (s, 1H), 8.43 (t, J= 5.6
Hz, 1H), 7.37 (td, J=8.9, 5.7 Hz, 1H), 7.20 (t, J= 9.1 Hz, 1H), 3.44 -
3.33 (m Wwbo11A2isko- 3.00 (m 2H), 2.15 - 1.91 (m 1H), PCTAB2010/06@58 m 2H),

i ng) - chi ehb [ Y1 [0 Bl rtihe Saiet T2uey B PHEBPE, 3 pr opane-
1- sul f onyl an§tepD- phretyl 4}hyﬂi’6>@ﬁ1i§9;?%,1-49&%3611.1%1%—ﬁ8a1{)§xylét$|?(%39- 69.00385 gﬂi%)

8.94 (s, 111), 8.59 (s, 1H), 8.32 (t Hz, 1H), td, J=
5.7 Hz,WaH), digplved, J=im. 3 pacetonyile 3. 48504, Jmls. 3 HP.9 2H) md) 14 -awml 03

(M 2H)pentotizal- ll'ylg;ytgig@ditﬁé_t'}lyla&rh?o%ﬁosgh(?nqur{lrﬂex%ﬁi@ro&%sﬁhaﬁ '(31%% rhlg, 0.00728
mol) and 1,8-diazabicyclo[5.4.0Jundec-7-ene (943 uL, 0.00631 mol) were added to the solution.
10 The reaction mixture was stirred for 5 minutes before 2,4-dimethoxybenzylamine (1090 uL, 7.28
mmol) was added. The reaction mixture was stirred at room temperature for 4 hours before it was
diluted with ethyl acetate and washed with saturated sodium bicarbonate. The organic layer was
concentrated to dryness and purified by flash chromatography. The product methyl
4-(2,4-dimethoxybenzylamino)thieno[3,4-d]pyrimidine-7-carboxylate was obtained as a tan oil
15 (327 mg, 24%). "H NMR (400 MHz, DMSO-d;) 5 10.36 (s, 1H), 9.24 (s, 1H), 8.53 (s, 1H), 7.23 (d,
J=8.3Hz, 1H), 6.62 (s, 1H), 6.51 (d, /= 8.5 Hz, 1H), 4.78 (d, J= 4.3 Hz, 2H), 3.92 (s, 3H), 3.81
(s, 3H), 3.76 (s, 3H). MS m/z = 360.2.
Step E: Methyl 4-(2,4-dimethoxybenzylamino)thieno[3,4-d]pyrimidine-7-carboxylate
(146 mg, 0.406 mmol) was dissolved in tetrahydrofuran (20 mL, 0.2 mol) and water (5 mL, 0.3
20 mol). Lithium hydroxide (24.3 mg, 1.02 mmol) was added, and the reaction mixture was stirred at
50 °C for 1 hour. The reaction mixture was concentrated to dryness, redissolved in 20 mL of water
and acidified with 2 drops glacial acetic acid. The resulting tan precipitate was collected by
filtration  and  rinsed  with  ether to  give  4-(2,4-dimethoxybenzylamino)-
thieno[3,4-d]pyrimidine-7-carboxylic acid (114 mg, 81%). "H NMR (400 MHz, DMSO-d;) & 9.54
25 (s, 1H), 9.05 (s, 1H), 8.40 (s, 1H), 7.19 (d, /= 8.4 Hz, 1H), 6.60 (s, 1H), 6.49 (d, J= 8.1 Hz, 1H),
4.70 (d, J= 5.0 Hz, 2H), 3.81 (s, 3H), 3.75 (s, 3H). MS m/z = 346.1.

Example BC

30 4-(2.4-Dimethoxybenzylamino)pyrrolo[1,2-f][1,2.4]triazine-7-carboxvlic acid

Step A: To a solution of 4-chloropyrrolo[1,2-f][1,2,4]triazine (3.00 g, 19.5 mmol; Leadgen

Labs) in DMF (35 mL) was added N-bromosuccinimide (3.51 g, 19.7 mmol) at 0 °C, and the
reaction mixture was stirred at 0 °C for 90 minutes. Subsequent dilution with ethyl acetate and
addition of a saturated aqueous solution of NaHCOj; is followed by separation of the layers. The

35  organic layers were washed with water (3x), dried with sodium sulfate, filtered, and concentrated
in vacuo. The crude product was purified by flash chromatography to afford

7-bromo-4-chloropyrrolo[1,2-f][ 1,2,4]triazine (3.75 g, 83%).
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Ni HN HO --7- Fi 4-(2-Hydroxy-ethylam n o)-thieno[ 3, 2-d] pyrim di
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7-bromo-4-chloropyrrolo[1,2-f][1,2,4]triazine. The reaction mixtures were combined and
concentrated in vacuo. The crude was purified by flash chromatography to afford
7-bromo-N-(2,4-dimethoxybenzyl)pyrrolo[1,2-][1,2,4]triazin-4-amine (2.69 g, 47%).

Step C: To a solution of 7-bromo-N-(2,4-dimethoxybenzyl)pyrrolo[1,2-f][1,2,4]triazin-
4-amine (0.50 g, 1.38 mmol) in THF (13 mL) at -78 °C was added dropwise n-butyllithium (2.84
mL, 1.6 M in hexanes). The reaction mixture was stirred at -78 °C for 75 minutes, and a flow of
carbon dioxide gas was passed through the reaction mixture for 30 minutes. The reaction was
quenched with water at -78 °C and allowed to warm to room temperature. Removal of the solvent
under reduced pressure and subsequent purification by flash chromatography afforded
4-(2,4-dimethoxybenzylamino)pyrrolo[ 1,2-][1,2,4]triazine- 7-carboxylic acid (0.19 g, 41%). 'H
NMR (500 MHz, DMSO-dg) 6 12.59 (br s, 1H), 8.78 (s, 1H), 8.07 (s, 1H), 7.21 (m, 1H), 7.13 (d, J
= 8.3 Hz, 1H), 7.07-7.03 (m, 1H), 6.59 (s, 1H), 6.48 (d, J= 8.5 Hz, 1H), 4.63 (d, J= 5.3 Hz, 2H),
3.81 (s, 3H), 3.74 (s, 3H); m/z (ES-MS) 329.2 [M+1].

Example 1
v F
N/>N O o, 0
\_J I N N/S\/\
H,N N H E H
/

4-amino-5-methyl-pyrrolo[3.2-dlpyrimidine-7-carboxylic acid

[2,6-difluoro-3-(propane-1-sulfonylamino)-phenyl]-amide

Step A: N-(3-Amino-2,4-difluorophenyl)-N-benzylpropane-1-sulfonamide (340 mg, 1.0
mmol) was dissolved in toluene (4 mL). A solution of trimethylaluminum in hexane (2 M; 0.5 mL)
was added dropwise. The mixture was stirred at room temperature for 2 hours. A solution of ethyl
4-chloro-5-methyl-5 H-pyrrolo[3,2-d]pyrimidine-7-carboxylate (200 mg, 0.8 mmol) was
dissolved in toluene (2 mL) and 1,4-dioxane (4 mL) and was added to the reaction mixture. The
mixture was stirred at 60 °C overnight. The mixture was quenched with methanol and 2N HCL.
The mixture was applied to a Varian Chemelut cartridge, eluted with dichloromethane and ethyl
acetate, and concentrated. The crude product was purified using flash chromatography (gradient

elution: 0-100% ethyl acetate in heptanes) to yield
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7.22 (t, J=8.8 Hz, 1H), 3.73 (g, J= 5.6 Hz, 2H), 3.58 (t, J= 5.7 Hz, 2H),
3.30 (s, 3H), 3.09 (dd, J=14.6, 7.0 Hz, 2H), 1.81 - 1.67 (m 2H), 0.98 (t,
J- 7.4 sz03b®1/0269]40--- NO O, A) N NNSN------ N, NH HSFHPCT/US2010/046955

2ot d 1206 B D O s a e o SRR by 1
11. 3% ngi-?rnlglﬂiéé? é:é-t@oﬁﬁmﬂ@ (30 thps10vdHH WIZ;SSQOSMHWDM@QJZ) 81055 (sl;)$H) BHI:)72(;8( r7T]5
(13) 3. 189, B£2 (3D, 5. 5586 735?1@1(@ iﬁuy(t 7 71 ilzslH @302«%%1; 9.5, 5D, 80 -3H)

62 M - -3 (m, 2H), 1.82 — 1.68 (m, 2H), 1.01 (t, J = 7.4 Hz, 3H).
Step B: N-(3-(N-Benzylpropylsulfonamido)-2,6-difluorophenyl)-4-chloro-5-methyl-
10 5H-pyrrolo[3,2-d]pyrimidine-7-carboxamide (244 mg, 0.457 mmol) was suspended in a solution
of ammonia in isopropyl alcohol (2 M; 2.5 mL). The reaction was heated in a microwave reactor
at 105 °C for 10 minutes. Ammonia gas was passed through the reaction mixture. The reaction
was heated in a microwave reactor at 120 °C for 30 minutes. Purging with ammonia gas and
heated in a microwave reactor at 120 °C for 30 minutes was repeated twice. The mixture was
15  concentrated and loaded onto silica. The crude product was purified using flash chromatography
(gradient  elution using  0-100%  ethyl acetafe in  heptanes) to  yield
4-amino-N-(3-(N-benzylpropylsulfonamido)-2,6-difluorophenyl)-5-methyl-
5H-pyrrolo[3,2-d]pyrimidine-7-carboxamide (204 mg, 74%). 'H NMR (500 MHz, DMSO-dj) &
10.19 (s, 1H), 8.26 (s, 1H), 8.12 (s, 1H), 7.37 - 7.21 (m, 6H), 7.13 (t, J=9.1 Hz, 1H), 7.07 (s, 2H),
20 4.78 (s, 2H), 4.09 (s, 3H), 3.27 (s, 2H), 1.90 — 1.73 (m, 2H), 1.01 (t, J = 7.4 Hz, 3H).

Step C: 4-Amino-N-(3-(N-benzylpropylsulfonamido)-2,6-difluorophenyl)-5-methyl-
5H-pyrrolo[3,2-d]pyrimidine-7-carboxamide (200 mg, 0.4 mmol), palladium hydroxide on
carbon 20% (55 mg), ammonium formate (500 mg, 8 mmol), and ethanol (20 mL) were combined
in a vial. The mixture was stirred at 60 °C for 2 hours. The reaction mixture was concentrated

25 under reduced pressure, and the resulting solids were dissolved in water. The mixture was filtered
over Celite®, and the solids were washed with water. The solids were redissolved with ethyl
acetate and methanol. The solvent was removed under reduced pressure to give a solid. The solid
was friturated at 60 °C with ethyl acetate, filtered and dried in a vacuum oven to yield
4-ethyl-thieno[3,2-d]pyrimidine-7-carboxylic acid

30  [2,6-difluoro-3-(propane-1-sulfonylamino)-phenyl]-amide as a solid (108 mg, 60%). 'H NMR
(400 MHz, DMSO-dg) 6 10.23 (s, 1H), 8.27 (s, 1H), 8.14 (s, 1H), 8.13 (s, 1H), 7.34 (td, J=8.9, 5.7
Hz, 1H), 7.19 (td, /= 9.3, 1.6 Hz, 1H), 7.08 (s, 2H), 4.09 (s, 3H), 3.12 — 3.03 (m, 2H), 1.83 - 1.68
(m, 2H), 0.98 (t, J = 7.4 Hz, 3H). LC/MS: m/z 425.1 [M+1].

35 Example 2
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-\ H HFH 4-(Pyridin-2-ylam no)-thi eno[3, 2-d] pyri mdine-7-c arboxylic acid
[ 2, 6-difluoro-3-(propane- 1-sulfonylam no)-phenyl ]-amde 503.2 [M1] ***
11. 39-11.w0 20tug259ub]) , 8.82-8.89 (m 2H) 8. 30-8. 40 (bs PTIH)US20M0/086935 84 (m
1H) 5 7.50-7.57 (m 1H), 27,087, 1 . 7. .0 1H), 6.60-6.75
(bs 1H), 3.06-3.13 ( (m 3H); 63 -
(7"-N2.21111 N*'"S?:)3- ethahéﬁalﬁﬂyl%nﬂitﬁﬂﬂ-cﬁﬂh&@ ﬂH&hﬂW—@hﬁde

2-d] pyri m di ne-7- carbox ylic acid [2,6-difluoro-3-(propa
1- sul f onyl ant'fd)A:pH Wn}@%ﬂ@@ﬂtgmqp@ny]&nj\}ﬁ methoxybenzyl)ethanesulfonamlde (428

mg, 1.20 mmol) was dissolved in toluene (5 mL, 50 mmol) and 2M trimethylaluminum in hexane

(600 uL, 1 mmol) was slowly added. The reaction mixture was stirred at room temperature for 1
10 hour. Methyl 4-chlorothieno[3,2-d]pyrimidine-7-carboxylate (229 mg, 1.00 mmol) was added to
this solution as a solid, and the resulting mixture was stirred at 80 °C overnight. The reaction
mixture was cooled to room temperature and quenched with a solution of potassium sodium
tartrate (1N, 5 mL). The reaction mixture was stirred at room temperature for 1 hour. The mixture
was applied to a Varian Chemelut™ cartridge and eluted with ethyl acetate. The crude product
15 was purified using flash chromatography (40 g column, 0-45% ethyl acetate: heptane) to give
4-chloro-N-(2,6-difluoro-3-(N-(4-methoxybenzyl)-
ethylsulfonamido)phenyl)thieno[3,2-d]pyrimidine-7-carboxamide (345 mg, 62%). "H NMR (400
MHz, DMSO- dg) 6 10.59 (s, 1H), 9.35 (s, 1H), 9.26 (s, 1H), 7.29 (dd, /= 14.3, 8.6 Hz, 1H), 7.24
—7.15 (m, 3H), 6.85 (d, J= 8.7 Hz, 2H), 4.72 (s, 2H), 3.71 (s, 3H), 3.31 —3.28 (m, 2H), 1.17 (t, J
20 =7.1 Hz, 2H).
Step B: 4-Chloro-N~(2,6-difluoro-3-(N-(4-methoxybenzyl)ethylsulfonamido)phenyl)-
thieno[3,2-d]pyrimidine-7-carboxamide (486.2 mg, 0.8792 mmol) was dissolved in 1,4-dioxane
(5 mL, 60 mmol), and ammonia gas was passed through the resulting solution for 2 minutes. This
mixture was heated in a microwave reactor at 120 °C for 40 minutes. The reaction mixture was
25  concentrated under reduced pressure to remove the dioxane, and then 5 mL of water was added.
The resulting solution was heated to boiling and then stirred for 30 minutes while cooling to room
temperature. The resulting solid was collected by filtration, redissolved in methanol and then
concentrated to give
4-amino-N-(2,6-difluoro-3-(N-(4-methoxybenzyl)ethylsulfonamido)phenyl)thieno[3,2-d]pyrimid
30  ine-7-carboxamide as an oil (435 mg, 93%). 'THNMR (400 MHz, DMSO-d;) 6 11.33 (s, 1H), 8.97
(s, 1H), 8.55 (s, 1H), 7.96 (s, 2H), 7.32 — 7.22 (m, 1H), 7.17 (t,J= 9.0 Hz, 3H), 6.85 (d, /= 8.7 Hz,
2H), 6.78 — 6.76 (m, OH), 4.72 (s, 2H), 3.71 (s, 3H), 3.28 (s, 2H), 1.31 (t, J = 7.3 Hz, 3H).
Step C: 4-Amino-N-(2,6-difluoro-3-(N-(4-methoxybenzyl)ethylsulfonamido)phenyl)-
thieno[3,2-d]pyrimidine-7-carboxamide (435 mg, 0.815 mmol) was dissolved in dichloromethane
35 (4 mL, 60 mmol) and trifluoroacetic acid (4 mL, 50 mmol) was added. The reaction mixture was
stirred at room temperature for 4 hours and then concentrated to remove the dichloromethane and
trifluoroacetic acid. The resulting oil was redissolved in ethyl acetate and washed once with water.
The organic layer was dried over magnesium sulfate, filtered, and then purified by flash

chromatography (40 g column, 0-50% (20% MeOH:dichloromethane) : dichloromethane). The
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1H),
7.40-7.45 (m 2H),

8.68 (s, 1H),
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7.46-7.52 (m 1H),

3.07-3.14(m 2H),

1. 82- 1 91W()r21)11212159401 03-1.08 (m 3H) The am ne reagent msr/ussmd/omsiree

bas
use

AP el

reued

CEab e

CDC13 waahgalsed baidy] NMBrS(Ilh‘éQéHulti
2011/ 025940PCT/ US2010/ 046955 5

s,

e reacti,Q

DB PEAT e

it e el &

ATofE EQEh S

advaf colb&ed 6§ fill¥¥Pion and dried in the vacuum

anple 64 O,

aniad o0y

4 Cycl oPfeBpy| a¥§rRght hi eteo [ Ficlg- d] 41§*§1¥111¢rﬂt1¢1m£3 2 cﬂaﬁumdwerz—cabpwhc

A "a- o ety hapind SeauRLSTHRAy

uoropropy

NF

acid

R R B S e hy DR IG5

L 2-d] -Mplgs DMSﬁ-a’e)-ES?} c39 @pxamm (BRI sepqg eH)as ser(gumg 1.96 (HeHYerss @d, J

pro edur

-am no-f4-A-

title conpou(ralggu%fz&r epg

usi ng 4-chloro-N(2,6-difluoro-3 -

esrga q)O}Op“tl ¥a121
4-chl OVEB(aNIp(leZZ Qsifl

15 47,
-fl uor opropyl sul
pl ace of %Xampfl

i n_Exa

- 1{or op§8p%71§zb

%m@s&é S&R{I@HM

t hi eno[ 3, 2-
e 1 were [prepareg

hisihf onam do) phenyl ) t hi eno[ 3, 2-d] pyrim din

i.m di ne-7-cay bo
accord{gg to the proce({ure cyiescn

BBt ke il B gy 7 32, 210137 (1 S

phenyl) -3 -fluoropropane-| -sul fonam de.
red according to the gener al

4-di quoro henyl
3sz3}{)

procedure in Exanple

e 1n
ed 1n

e- 7- car boxam de. DVSO-d6) 6 11. 39 (s, 1H), 9.67 (s,
1H)1,5897 (S lH) 863 (S lH) 85TQ1_B, 1H), 7.38 (dd, J= 14.0, 8.5 Hz,
1|_|) _1’1’1 = ('\I_I-p o] ’IQ ’)ORI LN 1—76 (Ad 1=—_14
E)é \L, -J U J T J.ll}, I LWL |; Iy - J e
7.4 Hz, 0.98 (LS_,_C.E73HZ 3H),1_\EQ@.85(3M§2H), OZ&OQ%T@O_CI(NS
[ M+l ] Mz 4§ 6.2 Exanpte 65 C 00, 2 - O Iy TN INE
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Step B: The
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pyrigm di ne-7-carbo xam de (27 nyg, O(E% g, prepared as in Exanple 9, Step
A) and net hoxyl am ne hydrochl ori de ﬂi;%P 0.84 Mol ) were taken up in

i sopropanol (1 nlL). The addition of NWNgi sqpropyl et hyl amine (146 uL, O0.84
mol ) was followed by stirring at 60 C q The 30 reaction m xture
was concentrated in vacuo, and thg CHNG %s purified through

preparative HPLC to obtain N a H

4- met hoxy-am no-t hi eno[ 3, 2-d] p |né37 carboxylic acid

[ 2, 6-di chl or o- 3- (propane- 1- ls'a]‘ﬂfon m no) - phenyl ] am de (11 ng, 409% . 11-1
NVR (400 MHz, DI\/SOdG) 6 11.74 (s 10.97 (s, 1H), 66 (s, 1H), 8.54
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HPLC to obtain 4-cycl opropyl am no- t | eno ] pyrimdi ne-7-carboxylic acid

[ 2,16- di chl or¥eBR: plogaedutionsof f’r@h;plr@thleno DHlyginfidiaeieharfoxgliomeid 0499 gH
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3.20 - f3lldsed hy DM'B (7. 3uD§ Tt nea@honlﬁ}x‘ﬂure 3ua§ sﬂrﬁred éth%omlerﬁﬁeratllreﬁﬁ)r ( Mourihd
0.98 (t, J= 7 3H), 0.86 (br d, J= 5 °H), 0.70 (br s, 2H). LC-MB

[ M+1] rﬁh%n %Ge@r%ed in vacuo %ﬁw@ée 67‘~hb80ﬁhr¢ntrb?@1 é]mnmd@eﬂr@plmwhcld@@@? & ng
to the %ﬂﬁl ‘Efi%ﬁﬁﬁexdd‘ﬁ%%ﬁ&%%e ‘?Im)l e 66 using appropriate starting
e a Sryuc

material s e’ no e Name MS mz 1H NVR 5 (400 MHz,
DVBO- d6) 67 Step C: Crude 4 -chlorothieno|[3,2-d]pyrimidine-7-carbonyl chloride from step B was

dissolved in tetrahydrofuran (40 mL) and N-(3-amino-2-chloro-4-fluorophenyl)-

2-methylpropane-1-sulfonamide (1.00 g, 3.75 mmol) was added. The reaction mixture was stirred
at 55 °C for 90 minutes, cooled to room temperature and diluted with dichloromethane and a
saturated solution of NaHCOj;. The layers were separated and the aqueous layer extracted with
25  dichloromethane (2x). The organics were combined, dried with sodium sulfate, filtered and
concentrated in vacuo. The crude product was purified by flash chromatography to afford
4-chloro-N-(2-chloro-6-fluoro-3-(2-methylpropyl-sulfonamido)phenyl)thieno[3,2-d]pyrimidine-
7-carboxamide (0.16 g, 72%).
Step D: A sealed tube was charged with 4-chloro-N-(2-chloro-6-fluoro-3-
30 (2-methylpropyl-sulfonamido)phenyl)thieno[3,2-d]pyrimidine-7-carboxamide (0.14 g, 0.285
mmol), and a 2M ammonia solution in isopropanol (3.8 mL) was added. The reaction mixture was
heated at 95 °C for 16 hours and then concentrated in vacuo. The crude product was purified by
reverse phase HPLC to afford 4-amino-thieno[3,2-d]pyrimidine-7-carboxylic acid
[2-chloro-6-fluoro-3-(2-methyl-propane-1-sulfonylamino)-phenyl]-amide (0.099 g, 76%).
35 NMR (500 MHz, DMSO-ds) & 11.49 (s, 1H), 9.57 (s, 1H), 8.95 (s, 1H), 8.55 (s, 1H), 7.92 (s, 2H),

7.47(dd, J=9.1, 5.4 Hz, 1H), 7.37 (t,J=9.1 Hz, 1H), 3.04 (d, J = 6.5 Hz, 2H), 2.20 (dt, J= 13.3,
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a Nr----- NCctO, ,0 or"-\\ /NNI-S 4-(Mrpholin-4-ylamno)-th
I eno[ 3, 2-d] pyri m di ne-7-car boxylic acid [2,6-dichl oro-3-(propane-1-
sul f onyl anDreo)t7qabenyl ] -am de 545.1 [ Mt1] 11.53 (s, 1H) pCoB801094693F), 8. 95

(or &y Bl odddly = Ph(dny, b i defo lodp el 259 L% 37 ony
1.74 (dd, J= 15.0, ’7 6, 2H, 0.97 (t, J= 7.5, 3H) 68 ci /---=-No0OO N /N 411

N1-6 HH SCI 4-( Oxet an- 3-yl am no) - thlen OE 2-d] pyrim dine-7-carbo xylic
acid [ 2, 6-dichloro-3-(propane-1- su XBH?! no) - phenyl ] -am de 516.0

Cl
N/>N 0 0,0
\ / l N N’S\/\
HN g H oo H

4-Amino-thieno[3.2-d}pyrimidine-7-carboxvlic acid

10 [2.6-dichloro-3-(propane-1-sulfonylamino)-phenyl]-amide

Step A: To a solution of 4-chlorothieno[3,2-d]pyrimidine-7-carboxylic acid (499 mg, 2.32
mmol, prepared as in Example 8, Step A) in THF (15 mL) at 0 °C was added oxalyl chloride (590
uL, 6.97 mmol) followed by DMF (18 uL, 0.23 mmol). The reaction mixture was stirred at room
temperature for 1 hour and then concentrated in vacuo. The residue was dissolved in chloroform

15 (15 mL), and N-(3-amino-2,4-dichlorophenyl)propane-1-sulfonamide (329 mg, 1.16 mmol) and
pyridine (94 uL, 1.16 mmol) were added. The reaction was warmed to 55 °C, stirred for 2 hours
and then concentrated in vacuo. The crude product was purified by chromatography eluting with
ethyl acetate/hexane (1:D) to obtain
4-chloro-N-(2,6-dichloro-3-(propylsulfonamido)phenyl)thieno[3,2-d]pyrimidine-7-carboxamide

20 (557 mg, 94%).

Step B: 4-Chloro-N-(2,6-dichloro-3-(propylsulfonamido)phenyl)thieno[3,2-d]pyrimi-
dine-7-carboxamide (170 mg, 0.35 mmol) was dissolved in isopropanol (8 mL). Ammonia gas
was passed through the solution for 15 minutes. The mixture was heated in a microwave reactor at
120 °C for 2 hours, concentrated in vacuo, and then purified by preparative HPLC to obtain

25  4-amino-thieno[3,2-d|pyrimidine-7-carboxylic acid [2,6-dichloro-3-(propane-1-sul-
fonylamino)phenyl]-amide (37 mg, 23%). 'H NMR (400 MHz, DMSO-dg) 6 11.57 (s, 1H), 9.70 (s,
1H), 8.96 (s, 1H), 8.55 (s, 1H), 7.95 (s, 2H), 7.58 (s, 1H), 7.50 (s, 1H), 3.20 —3.07 (m, 2H), 1.82 —
1.67 (m, 2H), 0.98 (t, /= 7.4 Hz, 3H). LC-MS [M+1] m/z 460.0.

30 Example 10

N
\ ] N N’S\/\/F
H,N H H

4-Amino-thieno[3.2-dlpyrimidine-7-carboxylic acid

[2.3.6-trifluoro-5-(3-fluoro-propane-1-sulfonylamino)-phenyl]-amide

The title compound was prepared using a similar procedure as described in Example 9,
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[ M+1] 11.48 (s, 1H), 9.66 (s, 1H), 9.02 (d, J = 5.4 Hz, 1H), 8.98 (s, 1H),
8.62 (s, 1H, 7.56 (d, J= 8.8 Hz, 1H), 7.48 (d, J= 8.9 Hz, 1H), 5.28 - 5.17
(m 1H), wWo&s11(i25940= 6.9 Hz, 4.66 (t, J= 6.3 Hz, 2PFCT/UB2d15/046935 05 (m

2H) ,
2 1.82., 1. 2H) +: NP =- - NQCl , 0
TG, B EtoR piolhehb 2 Tucko brfifne Tubgbles. M, bl 0 or
Eath: (ﬁ(y m{@ -agxiin:b-]@,chﬁelﬂmgblé«%’nyb)pﬁypgif;-m{sgﬁg%alnig&dEFMMNS(A% MI?Z,[)DMS%)I— gg)ﬁrzm .4?%)4. 0
. , , . S, ) . . , = . ) )
beo (L5 1) 958 (3t p G TE 8 s ) 707 Sa i And £ gbig im Eet Ge )

B L R T T (=R et e T A
-3.07 (9 2H97 (th, 8H).-LA-MY [l | @) 46400.98 (s, J= 7.4 Hz,
10

Example 11

F
L, 5
s=N HN N~
N Fon \©
\ ] 0
HN g

4-Amino-thieno[3.2-dlpyrimidine-7-carboxylic acid

(3-benzenesulfonylamino-2,6-difluoro-phenyl)-amide
15 N-(3-Amino-2 4-difluorophenyl)benzenesulfonamide (230.0 mg, 0.809 mmol) was
dissolved in 5.4 mL CHCl; (0.15 M) and treated with 4-chlorothieno[3,2-d]pyrimidine-7-carbonyl

chloride (188.6 mg, 0.809 mmol, prepared as Example 38, Step B). The reaction mixture was
heated to 60 °C, stirred for 16 hours, and then cooled to ambient temperature and concentrated.
The crude reaction mixture was dissolved in 1,4-dioxane (6 mL), and anhydrous ammonia gas was
20  passed through the solution for 5 minutes. The vial was sealed, heated to 100 °C for 5 hours, and
then cooled to ambient temperature and concentrated. Purification via flash chromatography
eluting with a gradient of 10 to 80 %  acetone:hexanes afforded
4-amino-thieno[3,2-d]pyrimidine-7-carboxylic acid
(3-benzenesulfonylamino-2,6-difluoro-phenyl)-amide (109.9 mg, 0.238 mmol, 29.4% yield). 'H
25  NMR (400 MHz, DMSO-dg) § 11.27 (s, 1H), 10.27 (s, 1H), 8.93 (s, 1H), 8.52 (s, 1H), 7.95 (s, 2H),
7.75-7.732 (d, 2H), 7.68-7.64 (t, 1H), 7.60-7.56 (t, 2H), 7.20-7.14 (m, 2H). LC/MS: m/z 460.1

[M-1].
Example 12
O ke
S0
=N HN N
V=N I U
)\\/8]/%

4-Amino-thieno[3.2-dlpyrimidine-7-carboxvlic acid

[2,6-difluoro-3-(furan-2-sulfonylamino)-phenyl]-amide
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3H) 70 NN==-NO0a 0 0"o \ /NN HH sa 4-1sopropyl am no-thieno[ 3, 2-d
] pyri m di ne-7-carboxylic acid [2,6-dichloro-3-(propane-| -sul
f onyl am mwp-2ptiemyd4p- anmi de 502. 0 [ M+l ] 11.60 (s, 1H), 9. @ET(Gs2010i6B6958. 92 (s,

149158 SR Sy lmolind Bkl 3 gty B9 s S50 Kt Gfd

1.85- 1NGB-AminoZd- dlﬂlu02c7ph(eﬂyl)ﬂn=an62 Sultbharidd , 0.98 {s, 3H) 7pladd r, - - - NOGY a0,

"I\ S hydr of
Ot Bnol A A hicReaby ot henteR T atdes MR AUV DM BroriHe™ Gsul

8 0n( o IR PIEY IR 2 ?égféi%%ﬁﬁﬁ% 1) 798 Yy Pt el
7. 48 (d7.082.06.(8, Hi), 6.56.66. (@8 ) LCIMSSm7z #50.0 [M)1]. 4. 00 - 3.82 (m 2H), 3.82

3163 (m 3H) 3.13 (dd, J= 17.6, 10.0 Hz, 2H), 2.37 - 2.21 (m 1H), 2.03
(t 2.4, 6.6 Hz, 111), 1.86- 1.63 (m 2H), 0.98 (s, 3H)

Example 13

o Cl

=

N N O\\ /,O
)L%E/U\N NS F

H,N s / H F H

4-Amino-thieno[3.2-d]pyrimidine-7-carboxylic acid

15 [6-chloro-2-fluoro-3-(3-fluoro-propane-1-sulfonylamino)-phenyl]-amide

Step A: To a solution of 4-chlorothieno[3,2-d]pyrimidine-7-carboxylic acid (0.050 g, 0.23
mmol, prepared as in Example 8, Step A) in THF (5 mL) at 0 °C was added 2.0 M oxalyl chloride
in dichloromethane (0.23 mL, 0.27 mmol), followed by a drop of DMF. The reaction mixture was
stirred at room temperature for 90 minutes and then concentrated. The residue was dissolved in

20 THF (5.0 mL) and N-(3-amino-4-chloro-2-fluorophenyl)- 3-fluoropropane-1-sulfonamide (0.053
g, 0.19 mmol) was added. The mixture was stirred at 55 °C for 2 hours and then concentrated. The
crude product was purified via silica gel chromatography, eluting with hexanes/ethyl acetate (2:1)
to give
4-chloro-N-(6-chloro-2-fluoro-3-(3-fluoropropylsulfonamido)phenyl)thieno[3,2-d]-pyrimidine-7
25  -carboxamide (0.080 g, 71%) as a solid. LC/MS: m/z 479.0, 481.0 [M-1]

Step B: 4-Chloro-N-(6-chloro-2-fluoro-3-(3-fluoropropylsulfonamido)phenyl)-
thieno[3,2-d]pyrimidine-7-carboxamide (0.080 g, 0.17 mmol) was suspended in 2 M ammonia
(3.3 mL, 6.6 mmol) in i-PrOH. The reaction mixture was placed in a microwave reactor at 110 °C
for 2 hours. The reaction mixture was concentrated and the crude product purified via silica gel

30 chromatography, eluting with  dichloromethane/ethyl acetate (3:2) to  give
4-amino-thieno[3,2-d]pyrimidine-7-carboxylic acid [6-chloro-2-fluoro-3-(3-fluoro-propane-1-
sulfonylamino)-phenyl]-amide (0.047 g, 61%) as a solid. "H NMR (400 MHz, DMSO-dq) & 11.49
(brs, 1H), 10.03 (br s, 1H), 8.97 (s, 1H), 8.55 (s, 1H), 7.96 (br s, 2H), 7.43 (m, 2H), 4.61 (m, 1H),
4.49 (m, 1H), 3.25 (m, 2H), 2.17-2.04 (m, 2H). LC/MS: m/z 462.1, 464.1 [M+1].

35

Examples 14 — 24 below in Table 2 were prepared according to the procedure described in

Example 13 using appropriate starting materials.
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72 el N7 N014010"0 \ /NN H s1H 4- Cycl obutyl am no-t hi eno[ 3, 2
-d] pyri m di ne-7-carboxylic acid [2, 6-dichloro-3-(propane-| -sul

fonyl am‘ np-2phienyddp- am de 514.1 [Mr1l]  11.57 (s, 111), @Cc®aSel/0dddps 8. 93
(s, 8.60 (s, 1H), 8.56 (d, J=7.0 H, 7.59 (d, J= 8.8 Hz, 1H),
4S(d J=8.9 Hz, 111), 4.78 -4.65 ( 4 , 3.17 - 3.11 (m 2H), 2.39
-2.29 m., H, 2.21 - 2.06 (m 2H), 1.84- 1.67|(m 4H), 0.98HNMRJI= 7.4 Hz,
3H) . = ---N NGt@ette \ / NN :,s-, HNagsa 4- CyMSwan no-
yrimdine-7-lcarboxylic acid [2, 6 dichl oro-3- (m opanet | - 600 MHz DMSO-d6)**
f onyl ami no) - phenyl | am de 485.0 [ MrAping thigel32</) lH) 9*61948((§,1H 590 s 3193, 965,
1H), B.51 (s, 1Hw q, ,J= 8 BripKinegarboxyl 55 =118 7 1116 (53020
3.10 (m143H)|, W €2t , 0 dEt, J= 74131“ 3H)49Z4 35 (m, 2H), 3.14 (q, J =
[2.6-difluoro3-(3-fluo | IMH] "7 S i 6 (=73 1z,
ro-propane-1-sulfonyla 3H)
mino)-phenyl]-amide
4-Amino-thieno[3,2-d]
E pyrimidine-7-carboxyl *11.51 (brs, 1H), 9.77 (br s, 1H),
NoONO X0 ic acid 462.1, | 8.97 (s, 1H), 8.55 (s, 1H), 7.96 (br
15 N N NSSASCF | [2-chloro-6-fluoro-3-( | 464.1 | s, 2H), 7.48 (m, 1H), 7.40 (m, 1H),
HN g A 3-fluoro-propane-1-sul | [M+1] | 4.61 (m, 1H), 4.49 (m, 1H), 3.25
fonylamino)-phenyl]-a (m, 2H), 2.21-2.08 (m, 2H)
mide
. 4-Amino-thieno[3,2-d] *%11.50 (s, 1H), 9.56 (s, 1H), 8.96
), pyrimidine-7-carboxyl (s, 1H), 8.55 (s, 1H), 7.95 (s, 2H),
g N HN]Q\N’S‘W ic acid 4560 | 749(dd,J=9.1, 52 Hz, 1H),7.37
W 5 C (2-chloro-3-cycloprop [M+1] (t,J=9.1Hz 1H),3.13(d,J=7.1
HN | ylmethanesulfonylami Hz, 2H), 1.10 (ddd, J=12.8, 8.0,
2 S no-6-fluoro-phenyl)-a 5.1 Hz, 1H), 0.61 — 0.54 (m, 2H),
mide 0.39 — 0.34 (m, 2H)
i 4-Amino-thieno[3,2-d] *12.53 (s, 1H), 9.78 (s, 1H), 9.02
0, pyrimidine-7-carboxyl (s, 1H), 8.62 (s, 1H), 8.34 (dd, J =
17 N HN N/S\g\/ ic acid 444.0 | 11.1,2.9 Hz, 1H), 7.96 (s, 2H),
\ a H [2-chloro-5-fluoro-3-( | [M+1] | 7.14 (dd, /=9.7,3.0 Hz, 1H), 3.24
LN 7 propane-1-sulfonylami —3.13 (m, 2H), 1.83 — 1.70 (mm,
2 S no)-phenyl]-amide 2H), 0.98 (t, J= 7.4 Hz, 3H)
. *11.34 (s, 1H), 9.71 (s, 1H), 8.96
F \\ iy‘;‘fﬂ‘ﬁ?ntehfrgﬁfxd% (s, 1H), 8.5 (s, 1H), 7.93 (s, 2H),
N <N HN Hsﬁ oo T o0 |74 (td, /=89, 5.6 Hz, 1H), 721
L) E (3-cyclopropylmethan | [M+1] | &7=92Hz, 1), 3.10(d, =71
o] yclopropy.
N esulfonylamino-2,6-dif Hz, 2H), 1.1-1.02 (m, 1H), 0.59 -
s | y - 0.53 (m, 2H), 0.34 (q, J = 4.6 Hz,
uoro-phenyl)-amide 2H)
F 4-Amino-thienof3,2-d] *11.35 (s, 1H), 9.70 (s, 1H), 8.96
5 pyrimidine-7-carboxyl (s, 1H), 8.55 (s, 1H), 7.93 (s, 2H),
19 SN HN N ic acid 442.0 | 7.43-7.32(m, 1H),7.22(t,J=8.9
N o [2,6-difluoro-3-(2-met | [M+1] | Hz, 1H), 3.01 (d, /= 6.4 Hz, 2H),
H,N s / hyl-propane-1-sulfonyl 2.18 (dt, J=13.3, 6.5 Hz, 1H),
amino)-phenyl}-amide 1.03 (d, J=6.7 Hz, 6H)
F 4-Amino-thieno[3,2-d] *12.30 (s, 1H), 10.01 (s, 1H), 9.00
N~ pyrimidine-7-carboxyl (s, 1H), 8.55 (s, 1H), 8.16 — 8.08
20 Il HN %o ic acid 428.0 | (m, 1H), 7.96 (s, 2H), 7.02 (ddd, J
H,N ) ! ”'S’ [2,5-difluoro-3-(propa | [M+1] | =9.4,5.9,3.2 Hz, 1H),3.22 -3.13
S 0 ne-1-sulfonylamino)-p (m, 2H), 1.81 — 1.68 (m, 2H), 0.99
henyl}-amide (t,J=7.4 Hz, 3H)
cl o *12.28 (s, 1H), 10.00 (s, 1H), 9.01
4-Amino-thieno[3,2-d] (,J="7.8 Hz, 1H), 8.55 (s, 1H),
N4\IN N /Q o py“m‘dli‘c‘:zi:arbo"yl sa40 | 836(dd,J=5825Hz, 1H),7.96
21 X _4=0 : (s, 2H), 7.22 (dd, J= 6.5, 2.6 Hz,
AR e N [Ersogigcizsut}f%(ﬁ;?l :m(l IMHT Ty, 322 23,12 (m, 2H), 1.81 -
4 1.67 (m, 2H), 0.99 (t, J = 7.4 Hz,
no)-phenyl]-amide 30)
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NOCl 411 '' S’
o[ 3, 2-d] pyri m di ne- 7- car boxyl

F.--7-

11SH H 4- ( 2- Fl uor o- et hyl am no) -t hi en
Ic acid [2,6-dichloro-3-(propane-| -sul

fonyl am rwi) zphemysv'ﬁbam de 506.0 [M+1] 11.53 (s, 1H) 9. 6@C(f&1$2(11|0b046985 96 (s
1H), B .64 (S, 2 T ; A (O T I= 8 O gD 47T
(d, JEEsmglery  1H), ghy&@e (d, 3= 5.0 HagamtH) . 3. §4%n(/£ii %wo?ﬁ E‘t,Dﬁo?déE;,
2H), B.2%- B8.04 (m 2H), 1.83 -| 1.65 (m 2H), t, J6o MH Q-di 75
N---tNO" ,0 H NCI s 4 (1- Met hyl | azginb&Hidho[3 2] dm n
0) -t hj eno[ 3, |2- d] rimc - 7- ¢ ar pexdite-cadbg1 *11.48 (s, 1H), 9.91 (s, 1H), 8.97
[ 2, 6-dichlorjo phopR -gul  fonyl andad) - pheny sEgm GelFB 2B, [y 1p6 G.CHI9
(s, 1H),2%8. 73H2@€\g,1& 8PS, | EHplore-Barecs( 774977 37, 24D, T4, Hir 6.4
1H), [7.28 (d, J= 16) \é 4%3metbvl-m>aamr Sul Z]H HzPHy@ 263,12 fms 1), 300,
2H), p.93 (dt, J=10.4, 3.4 Hz, 1H3ny1312m8>6’hff§/1]- 3H), 2|47 (M7288fz 075 -
1. 62 (mM—2H—6-93(t+—3I="+4Hz; x'—"{n
F 4- e d?nfehl;ﬂzﬁ jxd} *11.48 (s, 1H), 9.95 (s, 1H), 8.99
” <N O FK?L o o Pyt o y a59 | lH),d8.55 (s, 1H), 7.95 (siIZ{H),
-1 . ) 7.4 J=11.5,7.7Hz, R
WX TN Ion S [2,3,6-trifluoro-5~(pro | [M+1] 3.205—( 3t.b9 (m, 2H), e 1.25
©os pane-1-sulfonylamino) (m, 2H), 0.98 (t, J = 7.4 Hz, 3H)
-phenyl}-amide
c o 4‘“1‘:11111‘(‘1‘1’;6}1‘7‘“;‘;5)3)("% *11.51 (s, 1H), 8.95 (s, 1H), 8.55
e HN g F | PyHimudine- /- Y (s, 1H), 7.96 (s, 2H), 7.53-7.43 (m,
=N N"% ic acid 478.0 _
24 9 & H  bdichlomen3 (311 Mo | 2HD, 460 (4 J=6.0 Hz, 1H), 4.48
et i Eoip;oifan‘e’_rf_'s‘;gﬁ;n;l‘; M = 6.0 Hz, 1H), 3.21-3.11 (m,
minoy, phenyl]-amide 2H), 2.19 —2.00 (m, 2H)
5
Example 25
\ ’/O
/=N HN N~ ~
N H
\ o C
HAN g J
4-Amino-thieno[3.2-d]pyrimidine-7-carboxylic acid
10 [2-chloro-3-(propane-1-sulfonylamino)-phenyl}-amide
Step A:  4-(2,4-Dimethoxybenzylamino)thieno[3,2-d]pyrimidine-7-carboxylic acid
(0.0542 g, 0.157 mmol), N-(3-amino-2-chlorophenyl)propane-1-sulfonamide (0.030 g, 0.121
mmol), HATU (0.0596 g, 0.157 mmol) and DIEA (d 0.742) (0.0420 mL, 0.241 mmol) were
dissolved in DMF and stirred at 55 °C overnight. The reaction mixture was cooled to room
15  temperature and partitioned between EtOAc and water. The organic layer was washed with water
(3X), 0.1 N HC, saturated aqueous NaHCO; and brine, dried over Na,SO, and concentrated to a
tan oil. The oil was filtered through a plug of silica gel with the aid of 2:1 Hexanes/EtOAc to give
N-(2-chloro-3-(propylsulfonamido)phenyl)-4-(2,4-dimethoxybenzyl-
amino)thieno[3,2-d]pyrimidine-7-carboxamide as an oil which was used directly in the next step.
20 Step B:  N-(2-chloro-3-(propylsulfonamido)phenyl)-4-(2,4-dimethoxybenzylamino)-

thieno[3,2-d]pyrimidine-7-carboxamide (0.081 g, 0.14 mmol) was dissolved in trifluoroacetic

acid (“TFA”) (5 mL) and heated at reflux for 3 hours. The reaction mixture was cooled to room

temperature and concentrated to a red oil. The crude was dissolved in EtOAc, washed with
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Nir----NuO ,0 /N SCIH rilH 4-Ethyl am no-t hi eno[ 3, 2-d] pyr
I m di ne-7-carboxylic acid [2,6-dichl oro-3-(propane-1-su
f onyl am nwp-2ptiemyd4p- anmi de 488.0 [ MF1] 11.44 (s, 1H), 8. 9¢T(UGs2010i6B6958. 62 (s,

H) 5 8's%§ue(t§d i%l%{)és ﬁlﬂﬁ?(ﬁ é%htlg, d%legfg)vér ]%'@%)4 (18? corbcenq%eq_ %1|1_|) M6e§'ﬁj"°l( S

1 24 ( syas3dgd afdl HOh(ts pre@l‘[&tate formed which Wels dllected bia filtthtioh, whdted $Gkher with
4- (Tetrahydropyran-4-ylam no )-thieno[ 3, 2-dl pyrinidine-7-ca rboxylic acid

[ 2, 6- diMePHrand lried pades hégh vagypmste ﬁweéhﬂm@p-tbmﬂ[ﬁ% dipximiding. Begrivpplic agid 45
(s, 11 ][chhﬁ)rg—g -é)ﬁ)pal]fé_-q lsuﬁo%aﬁlﬁfo)-l)ﬂlgﬂyl]-gmﬁig (é g-ig, §021 m%nd_i,zl 5"/:5_95 a whifbsobid:

'"HNMR (400 MHz, DMSO-dg) § 12.30 (s, 1H), 9.55 (s, 1H), 8.99 (s, 1H), 8.61 (s, 1 H), 8.41-8.43
10 (d, 1H), 7.93 (br s, 2H), 7.36-7.40 (t, 1H), 7.26-7.28 (d, 1H), 3.12-3.16 (t, 1H), 1.75-1.81 (m, 2H),
0.97-1.01 (t, 3H); m/z (APCI-pos) M+1 = 426.0, 428.0.

Example 26
N/tN O 0. o
\ 7 ’ N
HN N H L H

15 4-Amino-thieno[3.2-d]pyrimidine-7-carboxylic acid

[2-fluoro-3-(propane-1-sulfonylamino)-phenyl]-amide

Step A: 4-(2,4-Dimethoxy-benzylamino)thieno[3,2-d]pyrimidine-7-carboxylic acid (69
mg, 0.2 mmol, prepared as in Example 8, Step A), N-(3-amino-2-fluorophenyl)
propane-1-sulfonamide (57 mg, 0.2 mmol), HATU (84 mg, 0.22 mmol), and a catalytic amount of

20  DMAP (2 mg, 0.02 mmol) were dissolved in DMF (2 mL). N,N-Diisopropyl-ethylamine (87 uL,
0.50 mmol) was added followed by stirring at room temperature for 1 hour. Ethyl acetate (50 mL)
was added, and the mixture was washed with brine. Removal of the organics under reduced
pressure gave 4-(2,4-dimethoxy-benzylamino)-N-(2-fluoro-3-(propyl-sulfonamido)-
phenyl)thieno[3,2-d]pyrimidine-7-carboxamide (110 mg, 99 %). LC-MS [M+1] m/z 560.1.

25 Step B: 4-(2,4-Dimethoxy-benzylamino)-N-(2-fluoro-3-(propylsulfonamido)phenyl)-
thieno[3,2-d]pyrimidine-7-carboxamide (130 mg, 0.23 mmol) was taken up in TFA (4 mL). The
reaction mixture was heated at reflux for 2 hours and the organics were removed under reduced
pressure. Purification by preparative HPLC afforded
4-amino-thieno[3,2-d]pyrimidine-7-carboxylic ~ acid  [2-fluoro-3-(propane-1-sulfonylamino)-

30  phenyl]-amide (23 mg, 23 %) 'H NMR (500 MHz, DMSO-dq) & 12.09 (s, 1H), 9.74 (br s, 1H),
8.97 (s, 1H), 8.56 (s, 1H), 8.26 (t, /= 7.1 Hz, 1H), 7.92 (s, 2H), 7.22 — 7.14 (m, 2H), 3.11 (s, 2H),
1.86 - 1.62 (m, 2H), 0.99 (t, J = 7.4 Hz, 3H). LC-MS [M+1] m/z 410.

Example 27

35



2H), 6.54 (s, 1H), 4.40 (s, 1H), 3.93 (d, J= 9.4 Hz, 2H), 3.44 (s, 4H),
2.98 (s, 2H), 1.91 (d, J= 13.4 Hz, 2H), 1.80- 1.57 (m 5H), 0.95 (t, J=17.4
Hz, 311) w@o2(bi94025940PCT/ U82010/ 046955 Exarrpl e no. SPruatsaee/oMase MS n z
1 HNWR 8 (400 MHz, DIVEG .78 i
4-(2,2,2-Trifl uor o- et hytafr -car boxylic acid

[2, 6-di chl or o- 3- (pr0pmlﬂuémwprmwl1am1ﬂaﬁ9/1amﬁmﬂhknﬂ'|rhﬂme542 O [M+l] 11.42

(s 1H, 9.72 (s, 1H), 9.03 (s, 2H, 8.74 (s, 1H, 5 (d, J=8.8 Hz, 1H,
7.48 (d, J= Bigtiflp compyundiway prepargd ysing 2 Fimile. pmce@me dasgribetl, insExample 26,
using N-(3-amino-4-fluorophenyl)propane-1-sulfonamide in place of

N-(3-amino-2-fluorophenyl)propane-1-sulfonamide. "H NMR (500 MHz, DMSO-d) § 12.11 (s,

10 1H), 9.79 (s, 1H), 8.97 (s, 1H), 8.55 (s, 1H), 8.43 (dd, J= 6.9, 2.5 Hz, 1H), 7.91 (s, 1H), 7.29 (dd,
J=10.6,9.0 Hz, 1H), 7.02 - 6.92 (m, 1H), 3.11 — 2.92 (m, 2H), 1.80 — 1.56 (m, 2H), 0.95 (t, J=
7.5 Hz, 2H). LC-MS [M+1] m/z 410.

Example 28
F
NN HN@ Q\
_5=0
N~

H,N e} F H N
15 J

4-Amino-thieno[3.2-d|pyrimidine-7-carboxylic acid

4] \—
NS

[2.6-difluoro-3-(pyrrolidine-1-sulfonylamino)-phenyl]-amide

The title compound was prepared using a similar procedure described in Example 25,
using N-(3-amino-2,4-difluorophenyl)pyrrolidine-1-sulfonamide in place of
20  N-(3-amino-2-chlorophenyl)propane-1-sulfonamide. "H NMR (400 MHz, MeOH-d) & 8.88 (s,
1H), 8.54 (s, 1H), 7.52-7.59 (m, 1H), 7.06-7.12 (m, 1H), 3.26-3.30 (m, 4H), 1.85-1.90 (m, 4H);
m/z (APCI-pos) M+1 =455.1.

Example 29
F
PSS
N =N HN/\Q 0
/ N-§
HoN /o F H No
25 S /

4-Amino-N-(3-(N,N-dimethylsulfamoylamino)-2.6-difluorophenylthieno[3.2-d]pyrimidine-7-ca

rboxamide
Step A:  To N-(3-amino-2,4-difluorophenyl)propane-1-sulfonamide (0.100 g, 0.400
mmol) in DMF (2 mL) was added potassium carbonate (0.166 g, 1.20 mmol) and
30  dimethylsulfamoyl chloride (0.0599 mL, 0.559 mmol). The suspension was stirred at ambient
temperature for 18 hours. To the suspension was then added 2 mL of 2M NaOH which was stirred
at ambient temperature for 1 hour. The resulting solution was diluted with water (20 mL) and

brought to pH 9 with HCI followed by extraction with EtOAc (3x 15 mL). The concentrated
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2H) ,
4- (Pi peridin-4-ylamno)-thieno [3,2-d] pyrimdine-7-carboxyli c acid
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0.97 (t, J= 7.3 Hz, 3H C 7-,---NO N HN NH s1

f onyl am no) - phenyl ] am de P6231SR0100#ebF5 11. 47
1H),
()

Step B To N-(3-amino-2,4- d1ﬂuorophenyl)dlmethylamlno 1-sulfonamide (0. 090 g, 0.19
mmol) in DMF (1 mL) was added
4-(2,4-dimethoxybenzylamino)thieno[3,2-d]pyrimidine-7-carboxylic acid (0.090 g, 0.26 mmol),
Hunig’s base (0.10 mL, 0.56 mmol) and HATU (0.100 g, 0.26 mmol). The solution was stirred at
room temperature for 48 hours before dilution with EtOAc (15 mL) and washing with water and
brine. The concentrated organics were purified via silica gel chromatography eluting with
hexane/EtOAc (1:1) to provide
4-(2,4-dimethoxybenzylamino)-N-(3-(NV,N-dimethylsulfamoylamino)-2,6-difluorophenyl)thieno[
3,2-d]pyrimidine-7-carboxamide (0.016 g, 16%).

Step C: 4-(2,4-dimethoxybenzylamino)-N-(3-(V,N-dimethylsulfamoylamino)-
2,6-difluorophenyl)thieno[3,2-d]pyrimidine-7-carboxamide (0.016 g, 0.028 mmol) was dissolved
in TFA (0.5 mL) and warmed to 75 °C for 1 hour. The cooled solution was concentrated and the
residue partitioned between EtOAc and saturated aqueous sodium bicarbonate solution. The
organics were concentrated and the residue purified via trituration with dichloromethane to
provide 4-amino-N-(3-(N,N-dimethylsulfamoylamino)-2,6-difluorophenyl)-
thieno[3,2-d]pyrimidine-7-carboxamide (0.010 g, 84 %). "H NMR (400 MHz, MeOH-dj) 5 8.86
(s, 1H), 8.55 (s, 1H), 7.47-7.55 (m, 1H), 6.99-7.06 (m, 1H), 2.78 (s, 6H); m/z (APCI-pos) M+1 =
429.1.

Example 30

E
@)
\\S/\/
= HN N
N/\N H o)

7-Amino-isothiazolo[4.5-d}pyrimidine-3-carboxvlic acid

[2.6-difluoro-3-(propane-1-sulfonylamino)-phenyl]-amide

Step A: To 7-0x0-6,7-dihydroisothiazolo[4,5-d]pyrimidine-3-carboxylic acid (0.100 g,
0.5072 mmol) was added thiony! chloride (3.693 mL, 50.72 mmol) and N,N-dimethylformamide
(0.01964 mlL, 0.2536 mmol). The mixture was refluxed for 2 h. The cooled reaction mixture was
evaporated, chased with 3 mL CHCls, triturated with 3 mL hexane, and dried under high vacuum
to afford 7-chloroisothiazolo[4,5-d]pyrimidine-3-carbonyl chloride as a brown solid.

Step B: To 7-chloroisothiazolo[4,5-d]pyrimidine-3-carbonyl chloride dissolved in 5 mL

CHCI3 was added N-(3-amino-2,4-difluorophenyl)propane-1-sulfonamide (0.118 g, 0.470 mmol).
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4-(4,4-Difluoro-cycl ohexyl am no)-thieno[3, 2-d] pyrimdine-7- carboxylic
acid [ 2, 6-di chl oro-3-(propane-1-sul fonylam no)-phenyl]-am de 578.0 [ Mt1]
11.54 (s,woMp11/@s9%a (s, 1H), 8.94 (s, 1H), 8.64 (s, 1H)PCB81R2010m46935 7.7
Hz, sl 7..56: (A d= =

5 23 gl Inptnd s e ippyo e gl B 30 bl ol Pad Gundblpa,
3H) 81 the residue- \»N@Cs‘hﬁpend@d i I iNL didane, 4d8 2Agetyile sodwex pi amimniatga's esms[bﬁblﬂed in
o A bt i s g 4B BPSER piop e o
lH) J8 é&tel( ind EltU)Azc @helﬁtd&'a w&smjzsth Wath b, drﬂad%%ex(lq%s.éﬁ ﬁlté}ed*%nd a‘Jlr__:%porazed‘m

(d
1.71 ( nfp )Zlﬂ)i 0. 117 Qzan iqlﬁlo T(nm was—t)hromaw@ra(phﬁd dirlp, Bidtags S(NAP ibl)lmnOWQH 10t10:13 =

7 410 ’dlale)romethane%tOAc:MeOH to afford 7-amino-isothiazolo[4,5-d]pyrimidine-3-carboxylic
acid [2,6-difluoro-3-(propane- 1-sulfonyl- amino)-phenyl]-amide (0.0076 g, 0.0177 mmol, 3.77 %
yield). '"H NMR (400 MHz, CD;OD) & 8.58 (s, 1H), 7.50-7.56 (m, 1H), 7.11-7.16 (m, 1H),
3.08-3.12 (m, 2H), 1.82-1.91 (m, 2H), 1.05 (t, 3H). LC/MS: m/z 427.0 [M-1].

15 Example 31

0] FQ\ O\\s/\/\F
7N N
N/ \ N H
—( 1T H F
N s

7-Amino-isothiazolo[4,5-d}pyrimidine-3-carboxvlic acid

[2.6-difluore-3-(3-fluoro-propane-1-sulfonylamino)-phenyl]-amide

The title compound was prepared according to the general procedure as described in
20  Example 30, substituting N-(3-amino-2,4-difluorophenyl)-3-fluoropropane-1-sulfonamide for
N-(3-amino-2,4-difluorophenyl)propane-1-sulfonamide. '"H NMR (400 MHz, CD;0D) & 8.58 (s,
1H), 7.50-7.56 (m, 1H), 7.12-7.17 (m, 1H), 4.62-4.46 (m, 2H), 3.22-3.27 (m, 2H), 2.16-2.28 (m,
2H). LC/MS: m/z 447.1 [M+1].

25 Example 32

NS

N
H
H,N S~

7-Amino-isothiazolo[4.5-d]pyrimidine-3-carboxvlic acid

[6-chloro-2-fluoro-3 -(3-fluoro-propane-1-sulfonylamino)-phenyl]-amide

The title compound was prepared according to the general procedure as described in
30  Example 30, substituting N-(3-amino-4-chloro-2-fluorophenyl)-3-fluoropropane-1-sulfon- amide
for N-(3-amino-2,4-difluorophenyl)propane-1-sulfonamide. "H NMR (400 MHz, CD;0D) & 8.59
(s, 1H), 7.54-7.58 (m, 1H), 7.38-7.41 (m, 1H), 4.46-4.61 (m, 2H), 3.25-3.29 (m, 2H), 2.15-2.26 (m,
2H). LC/MS: m/z 463.1 [M+1].

105



S\SF 7------ NHNN\ , -, NH -* \ /O F HNI 4-Cycl opropyl am no-t hi eno[ 3,

2-d] pyri mdine-7-carboxylic acid [2,6-dichloro-3-(3-fluoro-prop

ane- | - sulwornyliansao) - phenyl] - am de 518.0 [ M+1l] 11.62 ( PCTAINR01004@895 (s,
1H) . 8.97 (s, 1H), 8.63 (s, 1H), 8.55 (s, 1H), 7.62 (d, J= 8.9 Hz, 1H),
7.54 - 7.46 (m 1H),4.61 (t, J=5.9 Hz, 1H), 4.49 (t, J= 6.0 Hz, 1H),
3.31-3.22 (m 2H), 3.10 - 2.99 (m gk—amk}%gl -2. 04 (m 2H), 0.92-0.78 (m

2H), 0.77-0.64 (m 2H) 83 --Na 4,--f&0 s---\,./° NIPN--\\,- F NNHH
4- Et hyl ami no-t hi eno[ 3, 2-d] pyr inidipe-7 (Q(gh\c/acid
[ 2, 6-dichl oro-3-(3-fl uoro- prop—N N
N N H
—( i H CN
HN 57N

7-Amino-isothiazolo[4.5-d]pyrimidine-3-carboxylic acid

[2-cyano-3-(propane-1-sulfonylamino)-phenyl]-amide

10 The title compound was prepared according to the general procedure as described in
Example 30 substituting ~ N-(3-Amino-2-cyanophenyl)propane-1-sulfonamide for
N-(3-amino-2,4-difluorophenyl)propane- 1-sulfonamide. '"H NMR (400 MHz, DMSO-ds) § 12.62
(s, 1H), 10.18 (s, 1H), 8.54 (s, 1H), 8.48 (br s, 2H), 8.34 (d, 1H), 7.75 (dd, 1H), 7.32 (d, 1H),
3.19-3.23 (m, 2H), 1.76-1.86 (m, 2H), 1.01 (t, 3H). LC/MS: m/z 418.1 [M+1].

15

Example 34

F
/=N 0] //O

N O\
\ AN N N \/\
HoN \,\rS H ¢ H

7-Amino-isothiazolo[4.3-d]pvrimidine-3-carboxvlic acid

20 [2,6-difluoro-3-(propane-1-sulfonylamino)-phenyl]-amide

Step A: N-(3-Amino-2,4-difluorophenyl)-N-(4-methoxybenzyl)propane-1- sulfonamide
(424.9 mg, 1.147 mmol) was dissolved in toluene (5 mL, 40 mmol). 2 M of trimethylaluminum in
hexane (1.912 mL) was added to this stirred solution and the reaction was stirred at room
temperature for 1 hour. Ethyl 7-aminoisothiazolo[4,3-d]pyrimidine-3-carboxylate (200.0 mg,
25 0.8919 mmol) was added as a solid and the reaction was stirred at 80 °C overnight. After cooling
to room temperature the reaction mixture was quenched with 5 mL of 1N Rochelle salt solution.
The crude mixture was passed through a drying column, eluted with ethyl acetate, and purified by
flash chromatography (0-100% ethyl acetate : heptane) and indicated fractions were concentrated
to give 7-amino-N-(2,6-difluoro-3-(N-(4-methoxybenzyl)propylsulfonamido)phenyl)-isothia-
30  zolo[4,3-d]pyrimidine-3-carboxamide as a light yellow foam (352 mg, 68%). "H NMR (400 MHz,
DMSO-ds) 6 10.52 (s, 1H), 8.81 (s, 1H), 8.67 (s, 1H), 8.45 (s, 1H), 7.38 — 7.25 (m, 1H), 7.19 (t,J
=10.7Hz, 3H), 6.85 (d, J=8.6 Hz, 2H), 4.71 (s, 2H), 3.71 (s, 3H), 3.26 (s, 2H), 1.79 (dd, J=15.2,

7.6 Hz, 2H), 1.01 (t, J = 7.4 Hz, 3H). MS m/z = 549.3 [M+1].
Step B: 7-Amino-N-(2,6-difluoro-3-(N-(4-methoxybenzyl)propylsulfon-
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ane-| -sul fonyl am no) - phenyl] - am de 506.0 [M+1] 11.59 (s, 1H), 9.89 (s,
1H), 8.93 (s, 1H), 8.62 (s, 1FD 8.42 (t, J=5.4 Hz, 1H), 7.59 (d, J= 8.8
Hz, 1H), wo4911(d5940J= 8.9 Hz, 4.61 (t J= 5.9 Hz, PHNUS40404do55 J= 6.0

1 2 1H)am1§ ﬁ’%eﬁ‘/l?_.gsoﬁgﬁ(omgﬁ%?]pynm}@ﬁ% Sanho %rg}dez:z&q\lz' 20 0.0018% ﬁn@l) 2804

4- Cycl ofissopyddandithtordrhethi@ied s n2k-, @l (Bymbl)l qftrﬁﬁn%a@@tﬁ@m&(a 1BLag.04 mol) was added
[ 6-chl oro-2-fl uoro-3-(3-fluoro- propane-|-sul fonyl am no) - phe nyl] - am de

502. 2 [ﬁmﬂlt]le neasigory was aljgwedsto stinat(rppmgempespiurefog gvg ours Efyllowddzy lrogting 19 40
8 5 S ( C %)lf%\go %gﬂf'% fnzizhghzﬂ? B §&%IT§AB‘?‘Q‘ e(st T, rezf%tlgn lf'rﬁxtu%’mas coégnt%ted dhg 6- 0
dlssolved in ethyl acetate. The precipitated solid was collected by filtration and dried in a vacuum
10 oven to afford 7-amino-isothiazolo[4,3-d]pyrimidine-3-carboxylic acid
[2,6-difluoro-3-(propane-1-sulfonylamino)-phenyl]-amide as a yellow solid (212 mg, 46%). 'H
NMR (400 MHz, DMSO-ds) 6 10.54 (s, 1H), 9.73 (s, 1H), 8.80 (s, 1H), 8.67 (s, 1H), 8.46 (s, 1H),
7.42(dd,J=14.5,9.0 Hz, 1H), 7.25 (t,J= 8.8 Hz, 1H), 3.17 - 3.01 (m, 2H), 1.76 (dt,J=15.1,7.5
Hz, 2H), 0.98 (t, J = 7.4 Hz, 3H). MS m/z = 429.0 [M+1].
15
Example 35

7-Ethylamino-isothiazolo[4.3-d]pyrimidine-3-carboxyvlic acid

[2.6-difluoro-3-(propane-1-sulfonylamino)-phenyl]-amide

20 Step A: N-(3-Amino-2,4-difluorophenyl)-N-(4-methoxybenzyl)propane-1-sulfon- amide
(143.9 mg, 0.388 mmol) was dissolved in toluene (2 mL, 20 mmol). 2 M of trimethylaluminum in
hexane (0.5826 mL) was added to this stirred solution and the reaction was stirred at room
temperature for 1 hour. Ethyl 7-(ethylamino)isothiazolo[4,3-d]pyrimidine- 3-carboxylate (98 mg,
0.39 mmol) was added as a solid and the reaction was stirred at 80 °C overnight. After cooling to

25  room temperature the reaction mixture was quenched with 5 mL of 1N Rochelle salt solution. The
crude mixture was passed through a drying column, eluted with ethyl acetate, and purified by flash
chromatography (0-100% ethyl acetate : heptane) to give
N-(2,6-difluoro-3-(N-(4-methoxybenzyl)propylsulfonamido)phenyl)-7-(ethylamino)isothiazolo[
4,3-d]pyrimidine-3-carboxamide as a yellow solid (111 mg, 50%). "H NMR (400 MHz,

30 DMSO-dg) 6 10.53 (s, 1H), 9.39 (s, 1H), 8.52 (s, 1H), 7.31 (d, J=6.1 Hz, 1H), 7.19 (t,J=9.7 Hz
3H), 6.85 (d, J= 8.6 Hz, 2H), 4.71 (s, 2H), 3.71 (s, 3H), 3.68 — 3.60 (m, 2H), 3.26 (m, 3H), 1.79
(dd, J=15.2,7.5 Hz, 2H), 1.23 (t, 3H), 1.01 (t, J = 7.4 Hz, 3H). MS m/z = 577.3 [M+1].

Step B: N-(2,6-Difluoro-3-(N-(4-methoxybenzyl)propylsulfonamido)
phenyl)-7-(ethylamino)isothiazolo[4,3-d]pyrimidine-3-carboxamide (107 mg, 0.186 mmol) was

35  dissolved in trifluoroacetic acid (1 mL, 10 mmol) and stirred at room temperature for three hours.
The reaction mixture was concentrated and purified by flash chromatography (0-100% ethyl
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2.18 - 2.00 (m 2H), 0.92-0.80 (m 2H), 0.77-0.63 (m 2H) 85 /=-N N1400, ,0
H 7-11s i mdine-7-carboxylic acid [2,3,6-trifluoro-5- (propane 1-s
ul f onyl amvoa))nmzsmyl] 474 1 [M1] 1H), 8.39 (t, J= 5.4 PeT/ubk)10/076953

(m 11l RbBREY ol GLPY retnsfinindyisilesorfiff Aty ooty i,
(dt, JF25Adifuoré. %@rbpanemsulﬂgnglﬁnﬁﬁo) phenyl]arﬂr&e (@Jng @0%@ ’(H NMR (Zoa MEIZ 3H)

WO 2011/ 025940PCT/ US2010/ 046955 Exa no, Stru MS miz 1 H NWR
8 (400 RMSO-gRBA) d6)s.d80;2.76 (s, THNO. a3 (t S i) 53 lH) 746~ 738(m 1H),

7.26 (t,J= 8.7 Hz, 1H), 3.69 —3.57 (m, 2H), 3.12 — 3.05 (m, 2H), 1.83 - 1.67 (m, 2H), 1.25 (t, /=
7.2 Hz, 3H), 0.98 (t, /= 7.4 Hz, 3H). MS m/z =457.1 [M+1].
10
Example 36 '

7-(Cyclopropylamino)-N-(2,6-difluoro-3-(propylsulfonamido)phenyl)isothiazolo[4.3-d]pyrimidi

ne-3-carboxamide

15 The above example was prepared using a similar procedure as for Example 35 using ethyl
7-(cyclopropylamino)isothiazolo[4,3-d]pyrimidine-3-carboxylate ~ in  place of  ethyl
7-(ethylamino)isothiazolo[4,3-d]pyrimidine- 3-carboxylate. 'H NMR (400 MHz, DMSO-dq) &
10.56 (s, 1H), 9.76 (s, 1H), 9.49 (d, J = 4.6 Hz 1H), 8.57 (s, 1H), 7.42 (d, J= 6.7 Hz, 1H), 7.26 (t,
J=9.4Hz, 1H), 3.26 (s, 1H), 3.15 - 3.02 (m, 2H), 1.75 (dd, J=15.0, 7.3 Hz, 2H), 0.98 (t, J= 7.4

20 Hz, 3H), 0.85 (d, J=17.9 Hz, 4H). MS m/z = 469.0 [M+1].

Example 37

4-Methoxyamino-thieno[3.2-d]pyrimidine-7-carboxvlic acid

25 [2-chloro-6-fluoro-3-(propane-1-sulfonylamino)-phenyl]-amide

Step A: N-(3-Amino-2-chloro-4-fluorophenyl)-N-(4-methoxybenzyl)propane-1-

sulfonamide (5.52 g, 14.26 mmol) was dissolved in toluene (75.9 mL, 712.9 mmol). A solution of

2 M trimethylaluminum in hexane (7.49 mL) was added over 20 minutes and the reaction was
stirred at room temperature for 1 hour. Methyl 4-chlorothieno[3,2-d]pyrimidine-7-carboxylate

30 (3.30 g, 14.42 mmol) was added and the reaction was stirred at 80 °C under nitrogen for 4 hours.
LC/MS analysis indicated consumption of starting material and formation of two product peaks
correlating to desired product and hydrolysis byproduct. The reaction mixture was cooled and

quenched by slow addition of 70 mL 1N Rochelle salt solution and subsequent stirring at room
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(t, J= ahd4héizomBided obgabc fasiers Hriel oveHhagidisjum Sulfdle, (fiteréttlan8 Concentrated- THé N s

3-vyl th 3, ri mdine-7-carboxylic acid
?(2) g gqﬂpqéllm %9 %tg (\YﬂYsogg ) blyenc(:)lgromatogral‘n y to give a 1:1 m¥xture of

4-chloro-N-(2-chloro-6- ﬂuor0-3-(N—(4-methoxybenzyl)propylsulfonam1do)phenyl)thieno[3,2-d]
pyrimidine-7-carboxamide (m/z = 583.2 [M+1]) and N-(2-chloro-6-fluoro-3-(N-(4-

10 methoxybenzyl)  propylsulfonamido)phenyl)-4-methylthieno[3,2-d]pyrimidine-7-carboxamide
(m/z = 563.3 [M+1]). This mixture was carried forward without further purification.

Step B: Methoxyamine hydrochloride (180 mg, 0.00214 mmol) was suspended in 1 mL
ethyl ether, stirred for 2 minutes, and allowed to settle to the bottom of the tube. The ether was
decanted off and the procedure repeated with another 1 mL of ethyl ether. A 1:1 mixture of

15 4-chloro-N-(2-chloro-6-fluoro-3-(N-(4-methoxybenzyl)propylsulfonamido)phenyl)thieno[3,2-d]
pyrimidine-7-carboxamide and N-(2-chloro-6-fluoro-3-(N-(4-methoxybenzyl)
propylsulfonamido)phenyl)-4-methylthieno[3,2-d]pyrimidine-7-carboxamide (80 mg) was
combined with the ether dried methoxyamine hydrochloride in DMSO (0.3 mL), and the reaction
mixture was heated in a microwave reactor at 140 °C for 1 hour. LC-MS analysis indicated

20  formation of N-(2-chloro-6-fluoro-3-(N-(4-methoxybenzyl)propylsulfonamido)-
phenyl)-4-(methoxyamino)thieno[3,2-d]pyrimidine-7-carboxamide (m/z = 594.3 [M+1]) and
unreacted N-(2-chloro-6-fluoro-3-(N-(4-methoxybenzyl)propylsulfonamido)phenyl)-
4-methylthieno[3,2-d|pyrimidine-7-carboxamide (m/z = 563.3 [M+1]). This mixture was
evaporated to dryness and used “as is” in subsequent reaction.

25 Step C: A mixture of  N-(2-chloro-6-fluoro-3-(N-(4-methoxybenzyl)-
propylsulfonamido)phenyl)-4-(methoxyamino)thieno[3,2-d]pyrimidine-7-carboxamide and
N-(2-chloro-6-fluoro-3-(N-(4-methoxybenzyl)propylsulfonamido)phenyl)-4-methylthieno[ 3,2-d]
pyrimidine-7-carboxamide in dichloromethane (5 mL, 80 mmol) and trifluoroacetic acid (5 mL,
60 mmol) was stirred for 1 hour. The reaction mixture was concentrated to dryness, redissolved in

30 1 mL DMEF, filtered through a nylon disk and purified by reverse phase HPLC to afford
4-methoxyamino-thieno|[3,2-d]pyrimidine-7-carboxylic acid
[2-chloro-6-fluoro-3-(propane-1-sulfonylamino)-phenyl]-amide (10.7 mg, 32%). "H NMR (500
MHz, DMSO-ds) 6 11.74 (s, 1H), 11.23 (s, 1H), 10.90 (s, 1H), 8.55 (s, 1H), 7.89 (s, 1H), 7.45 (dd,
J=9.1,5.2 Hz, 1H), 7.34 (t,J=9.0 Hz, 1H), 3.81 (s, 3H), 3.14 — 3.00 (m, 2H), 1.76 (dq, J= 14.9,

35 7.4 Hz 2H), 0.98 (t, J= 7.4 Hz 3H). MS m/z = 474.0 [M+1].
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ul f onyl am no) - phenyTam d 502.1 [ 1?44- 1] 11. 38(s, 1H), 10.59 - 9.68 (m 1H),
9.01 (s, 2H), 8.63 (s, 1H), 7.42 (dd, J = 19 7, 7.8 Hz, 1H), 5.23 (dt, J=

13. 2, 6.6wbzpi1lddp9404. 88 (t, J= 6.9 Hz, 4.66 (t, J=P6TAISkino/02ddp5 3. 16 -
: (m 2H), 1.83 - 1.52 (m 2H), {e?sm—l) 88 /-=-N" N\ s 00 O NN
H 4-(Tetrahydro-furan-3-ylamno )- t 2-d] pyrimdine-7-ca rboxylic

| am no) - phenyl ] am de 5161 [ M+. 1]
3\35 (s, 1H) 8.56 (d, J= 6.2
.?\g&s/\ll—l) 4.03 - 3.79 (m 2H),

aci d [2,3,6-trif|uoro-5-(pro/@e | -
11.46 (s, 1H), 10.24 (s, 1HN” \98
Hz, 1H), 7.43 (dt, J= 12.1,
3.73 (ddd, J= 13.0, 11.6, 670

4-Methyl-thieno[3.2-d]pyrimidine-7-carboxylic acid

[2-chloro-6-fluoro-3-(propane-1-sulfonylamino)-phenyl]-amide

The title compound was isolated as a side product from the preparation of Example 37 (10
10  mg, 30%). '"H NMR (500 MHz, DMSO-dg) 8 11.01 (s, 1H), 9.70 (br s, 1H), 9.27 (d, J/ = 8.9 Hz,
2H),7.48 (dd, J=9.1, 5.3 Hz, 1H), 7.36 (t,J=9.2 Hz, 1H), 3.13 — 3.05 (m, 2H), 2.86 (s, 3H), 1.77

(dq, J=15.0, 7.5 Hz, 2H), 0.98 (t, J= 7.4 Hz, 3H). MS m/z = 443.0 [M+1].

Example 39

e

4-Methyl-thieno[3.2-dlpyrimidine-7-carboxvlic acid

15

[2.6-dichloro-3-(3-fluoro-propane-1-sulfonylamino)-phenyl]-amide
Step A: 4-Chloro-N-(2,6-dichloro-3-(3-fluoropropylsulfonamido)phenyl)thieno[3,2-d]-

20  pyrimidine-7-carboxamide was prepared in a similar manner described in Example 13, Step A,
using  N-(3-amino-2,4-dichlorophenyl)-3-fluoropropane-1-sulfonamide ~ in  place  of
N-(3-amino-4-chloro-2-fluorophenyl)-3-fluoropropane-1-sulfonamide.

Step B: A  microwave vial was charged with  4-chloro-N-(2,6-di-
chloro-3-(3-fluoropropylsulfonamido)phenyl)thieno[3,2-d]pyrimidine-7-carboxamide (0.08 g,

25  0.16 mmol), trimethylaluminum (0.20 mL, 2M in heptane), tetrakis(triphenylphosphine)-
palladium(0) (0.02 g, 0.02 mmol) and THF (1.6 mL). The reaction mixture was heated in a
microwave reactor at 75 °C for 15 minutes. The salts were filtered off, and the filtrate was
concentrated in  vacuo, then purified by reverse phase HPLC to afford
4-methyl-thieno[3,2-d]pyrimidine-7-carboxylic acid [2,6-dichloro-3-(3-fluoro-propane-1-sul-

30  fonylamino)-phenyl]-amide (0.015 g, 20%). '"HNMR (500 MHz, DMSO-dg) & 11.02 (s, 1H), 9.28
(s, 1H), 9.27 (s, 1H), 7.45 (s, 2H), 6.56 (s, 1H), 4.60 (t, J= 6.0 Hz, 1H), 4.48 (t, J = 6.0 Hz, 1H),
3.14-3.00 (m, 2H), 2.86 (s, 3H), 2.16-1.99 (m, 2H). m/z (ES-MS) 477.0 [M+1].

35
110



2H)

Hz, 1H), 1.72 (d, J = 7.6Hz, 2H), 0.97 (t, J= 7.4 Hz, 3H 89 7-,-,N N
F--_7--- N8OHo11M25#H04- ( 2- Fl uor o- et hyl am no) -t hi en PCT/US2010/046955
O[ 3,52-d] pyri m di ne- 7- car boxyl |c acF/gT%B]fB‘mG- trifluoro-5-(propane-1-s

ul fonyl am no) e- phenyl ]-am d 492.1 |
8.99 (s, 1H), 8.68 (t, J= 5.4 Hz, 1H)
1H), 4.72 (t, J= 5.0 Hz, 1H), 4.6
3.84 (q, J= 5.2 Hz, 1H), Vi
/

Hz,
1H),

10

15

20

25

30

1.43 (s, 1H), 10.21 (br s, 1H),
5 (s, 1H), 7.43 (dt, J= 12.1,
$ 5.0 -Hz, 1H), 3.91 (g, 5.2

ans\sz), 1.81 - 1.64 (m 2H),
H

=

4-Methyl-thieno[3.2-d]pyrimidine-7-carboxylic acid

[2.6-difluoro-3-(propane-1-sulfonylamino)-phenyl]-amide

Step A: 4-Chloro-N-(2,6-difluoro-3-(propylsulfonamido)phenyl)thieno[3,2-d]pyrimi-

dine-7-carboxamide was prepared in a similar manner described in Example 13, Step A, using
N-(3-amino-2,4-difluorophenyl)propane-1-sulfonamide in place of N-(3-amino-4-chloro-
2-fluorophenyl)-3-fluoropropane-1-sulfonamide.

Step B: A microwave vial was charged with 4-chloro-N-(2,6-difluoro-3-(propyl-
Oulfonamide)phenyl)thieno[3,2-d]pyrimidine-7-carboxamide (85 mg, 0.19  mmol),
methylboronic acid (29 mg, 0.48 mmol), tetrakis(triphenylphosphine)palladium(0) (33 mg, 0.03
mmol), potassium phosphate (101 mg, 0.48 mmol) and 1,4-dioxane (1.9 mL). The reaction
mixture was heated in a microwave reactor at 120 °C for 15 minutes. The salts were filtered off,
and the filtrate was concentrated in vacuo, then purified by reverse phase HPLC to afford
4-methyl-thieno[3,2-d|pyrimidine-7-carboxylic ~ acid  [2,6-difluoro-3-(propane-1-sulfonyl-
amino)-phenyl]-amide (24 mg, 30%). "H NMR (400 MHz, DMSO-dy) 6 10.87 (s, 1H), 9.71 (s,
1H), 9.32 - 9.21 (m, 2H), 7.47 — 7.32 (m, 1H), 7.30 — 7.17 (m, 1H), 3.14 — 3.03 (m, 2H), 1.83 —
1.67 (m, 2H), 1.03 - 0.91 (m, 3H). m/z (ES-MS) 427.0 [M+1].

Example 41
F
0]
g
,=N HN N
N g H
\N 0

4-Ethyl-thieno[3.2-dlpyrimidine-7-carboxvylic acid

[2,6-difluoro-3-(propane-1-sulfonylamino)-phenyl]-amide

The title compound was prepared using a similar procedure as described in Example 40
using ethylboronic acid instead of methylboronic acid. "H NMR (400 MHz, DMSO-ds) 6 10.87 (s,
1H), 9.72 (s, 1H), 9.31 (s, 1H), 9.28 (s, 1H), 7.40 (td, /= 8.8, 5.7 Hz, 1H), 7.23 (t, /= 9.1 Hz, 1H),
3.17(q,J=17.5Hz, 2H), 3.12 - 3.01 (m, 2H), 1.83 — 1.67 (m, 2H), 1.41 (t,J=7.5 Hz, 3H), 0.98 (t,
J=71.4Hz, 3H). m/z (ES-MS) 441.0 [M+1].
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ON N' HH 4-(2,2-Difluoro-ethylam no)-th ieno[3, 2-d] pyrimdine-7-carbo
xylic acid [2,3,6-trifluoro-5-(propane-I|-s ul fonylam no)-phenyl]am de 510.1
[ MF1] 11.w0 2081/023Hp, 9.98 (s, 1H), 9.03 (s, 1H), 8.83 (PCTAS28004d4485 1H),
8.7G (s, 1H), 7.47 (dt, J=11.3, 7.6 Hz, 1H), 6.26 (tt, J= 56.0, 4.0 Hz,
1H), 4.09 - 3.92 (m 2H), 3.21 -3.11 (m 2H), 1.81 - 1.67 (m 2H), 0.98 (t,
J= 7.4 Hz, 3H) 91 Nr-=-N\ / Nc O Bxd&lhpleN? H

4- | sopropylam no-thieno[3,2-d ]pyrimdi ne- 7-carboxylic acid
[2,3,6-trifluoro-5-(propane-1-s ulfonyl anh#o)y penyl } am de 488. 1 [ Mrl]
11.54 (s, 1H), 9.97 (s, 1H), 8.96 (s, 1H) 62 s 1), 8.24 (s, 1H), 7.47
(d, J= 8.2 Hz, 1H), 4.52(s, 1H), 3= (W 2H), ”L‘?)él (d, J= 7.1 Hz, 2H),
F

1.27 WO
e’

4-Difluoromethyl-thieno[3.2-d]pyrimidine-7-carboxylic acid

(o]

[2.6-difluoro-3-(propane-1-sulfonylamino)-phenyl]-amide
10 Step A: 4-Chloro-N-(2,6-difluoro-3-(N-(4-methoxybenzyl)propylsulfonamido)phenyl)-

thieno[3,2-d]pyrimidine-7-carboxamide was prepared in a similar manner as described in
Example 2, Step A, using N-(3-amino-2,4-difluorophenyl)-N-(4-methoxybenzyl)propane-
sulfonamide instead of N-(3-amino-2,4-diflucrophenyl)-N-(4-methoxybenzyl)ethanesulfon-
amide.

15 Step B: A microwave vial was charged with 4-chloro-N-(2,6-difluoro-
3-(N-(4-methoxybenzyl)propylsulfonamido)phenyl)thieno[3,2-d]pyrimidine-7-carboxamide
(0.54 g, 0.95 mmol), 4,4,5,5-tetramethyl-2-vinyl-1,3,2-dioxaborolane (0.24 mL, 1.43 mmol),
bis(triphenylphosphine)palladium (II) chloride (0.067 g, 0.1 mmol), sodium carbonate (1.52 mL,
1M in water) and acetonitrile (4.3 mL). The reaction mixture was heated in a microwave reactor at

20 100 °C for 15 minutes. The reaction mixture was then diluted with ethyl acetate and water. The
layers were separated and the aqueous layer extracted twice with ethyl acetate. The combined
organic layers were dried with sodium sulfate, filtered and concentrated in vacuo. The crude
mixture was purified by flash chromatography to afford
N-(2,6-difluoro-3-(N-(4-methoxybenzyl)propylsulfonamido)phenyl)-4-vinylthieno[3,2-d[pyrimi

25  dine-7-carboxamide (0.13 g, 25%). m/z (ES-MS) 559.0 [M+1].

Step C: N-(2,6-difluoro-3-(N-(4-methoxybenzyl)propylsulfonamido)phenyl)-
4-vinylthieno[3,2-d]pyrimidine-7-carboxamide (133 mg, 0.24 mmol) was dissolved in
dichloromethane (2 mL). Then, at -78 °C, a flow of ozone was passed through the solution for 5
minutes. The reaction mixture was allowed to warm to room temperature, and dimethyl sulfide

30  (0.09 mL, 1.2 mmol) was added. The solution was diluted with dichloromethane and washed
with a saturated aqueous solution of sodium thiosulfate. The organic layer was dried with sodium
sulfate, filtered and concentrated in vacuo. The crude mixture was purified by flash
chromatography to afford N-(2,6-difluoro-3-(N-(4-methoxybenzyl)-
propylsulfonamido)phenyl)-4-(dihydroxymethyl)thieno[3,2-d]pyrimidine-7-carboxamide (47 mg,

35 34%). m/z (ES-MS) 579.0 [M+1].

Step D: To a solution of N-(2,6-difluoro-3-(N-(4-methoxybenzyl)propyl-
112



(d, J= 5.9 Hz, 6H), 0.99 (d, J= 6.9 Hz, 3H 92 --=/-NN- NQH O00"oH
4- Met hyl am no-thieno[ 3,2-d]p yrimdine-7-carboxylic acid
[ 2, 3, 6-t rwOl20ow2sde ( pr opane- 1 -s ul f onyl am no) - phenyl | - arCataS460/016953vk1]

748 (o g R b dyhbrend By iy Mo rnodiyide L £
2H), 0.d8hlotomelmané. 3(F2, @) 9%ad\ -added N DistdSmbth8Qydhyl Bintihbsulfur  trifluoride
4-(3,3-Difluoro-cycl obutyl ami no)-thieno[3, 2-d]pyrimdine-7- carboxylic
aci d [ X Beexa-Fluorydp 84 m ,&.zpprg.ﬁ@?l) atg30 °C. The reaction mixture was allowed to warm to
room temperature and stirred for 16 hours, after which more bis(2-methoxyethyl)aminosulfur
trifluoride (0.03 mL, 0.17 mmol) was added at -30 °C. The reaction mixture was allowed again to
10 warm up at room temperature and stirred for 8 more hours. The solution was diluted with
dichloromethane and washed with a saturated aqueous solution of sodium bicarbonate. The
organic layer was dried with sodium sulfate, filtered and concentrated in vacuo. The crude
mixture was purified by flash chromatography to afford
N-(2,6-difluoro-3-(N-(4-methoxybenzyl)propylsulfonamido)-
15 phenyl)-4-(difluoromethyl)thieno[3,2-d]pyrimidine-7-carboxamide (23 mg, 61%). m/z (ES-MS)
583.0 [M+1].

Step E: To a solution of N-(2,6-difluoro-3-(N-(4-methoxybenzyl)propyl-
Culfonamide)phenyl)-4-(difluoromethyl)thieno[3,2-d]pyrimidine-7-carboxamide (23 mg, 0.04
mmol) in dichloromethane (0.45 mL) was added trifluoroacetic acid (0.15 mL) at 0 °C, then

20  reaction mixture was allowed to warm up at room temperature and stirred for 3 hours, after which
more trifluoroacetic acid (0.05 mL) was added at 0 °C. The reaction mixture was allowed again to
warm up at room temperature and stirred for 8 more hours. The reaction mixture was then
concentrated in  vacuo, and purified by reverse phase HPLC to afford
4-difluoromethyl-thieno[3,2-d]pyrimidine-7-carboxylic acid [2,6-difluoro-3-(propane-

25 1-sulfonylamino)-phenyl]-amide (13 mg, 71%). "H NMR (400 MHz, DMSO) & 10.70 (s, 1H),
9.72 (s, 1H), 9.53 (s, 1H), 9.43 (s, 1H), 7.45—7.37 (m, 1H), 7.42 (t, /=54 Hz, 1H), 7.24 (t, /= 8.9
Hz, 1H), 3.14 — 3.04 (m, 2H), 1.82 — 1.69 (m, 2H), 0.98 (t, J = 7.4 Hz, 3H). m/z (ES-MS) 463.0

[M+1].
30 Example 43
F
0O
N7 l;l Q O\\S//O
. N N’
&H S / H cl H \

4-Cyclopropylamino-thieno[3.2-dlpyrimidine-7-carboxvlic acid

[2-chloro-6-fluoro-3-(propane-1-sulfonylamino)-phenyl]-amide

Step A: 4-Chloro-N-(2-chloro-6-fluoro-3-(N-(4-methoxybenzyl)propylsulfonamido)-
35  phenyl)thieno[3,2-d]pyrimidine-7-carboxamide was prepared using a similar procedure described

in Example 2, Step A, using N-(3-Amino-2-chloro-4-fluorophenyl)-N-
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(0.0827 mL 1.193 mmol) were dissolved in 1,4-dioxane (0.5 mL, 6 mmol) and heated in a
microwave reactor for 45 minutes at 120 °C. The reaction mixture was concentrated to dryness to
give N-(2-chloro-6-fluoro-3-(N-(4-methoxybenzyl)propylsulfonamido)-phenyl)-4-
(cyclopropylamino)thieno[3,2-d]pyrimidine-7-carboxamide (72.1 mg, 0.119 mmol) which was
dissolved in trifluoroacetic acid (1 mL, 10 mmol) and stirred at room temperature for 3 hours
before being concentrated to dryness under reduced pressure. The resulting oil was redissovled in
1 mL dimethylformamide, filtered through a nylon disk and purified by reverse phase HPLC to
give 4-cyclopropylamino-thieno[3,2-d]pyrimidine-7-carboxylic acid
[2-chloro-6-fluoro-3-(propane-1-sulfonylamino)-phenyl]-amide as a tan solid (27.9 mg, 48.3 %).
'H NMR (500 MHz, DMSO-ds) 5 11.49 (s, 1H), 10.03 — 9.63 (m, 1H), 8.96 (s, 1H), 8.63 (s, 1H),
8.48 (s, 1H), 8.18 (s, OH), 7.45 (dd, J=9.1, 5.3 Hz, 1H), 7.32 (t,J=9.1 Hz, 1H), 3.06 (dd, J= 8.6,
5.4 Hz, 3H), 1.76 (dq, J=14.9, 7.4 Hz, 2H), 0.98 (t, J= 7.4 Hz, 3H), 0.85 (s, 2H), 0.71 (s, 2H). MS
m/z = 484.0 [M+1].

Example 44
/N O F
N QQ\S/,O
— N N’
/N Sl H 4 H \—\

4-Ethylamino-thieno[3.2-dlpyrimidine-7-carboxvlic acid

[2-chloro-6-fluorg-3-(propane-1-sulfonylamino)-phenyl]-amide

The title compound was was prepared using a similar procedure described in Example 43,
using ethylamine instead of cyclopropylamine. 'H NMR (500 MHz, DMSO-ds) & 11.49 (s, 1H),
9.59(s,2H), 8.92 (s, 1H), 8.62 (s, 1H), 8.37 (d,J=5.1 Hz, 1H), 7.45 (dd, J=9.2, 5.3 Hz, 1H), 7.34
(t,J=9.4 Hz, 1H), 3.59 (dt, J= 14.3, 7.2 Hz, 2H), 3.14 - 3.01 (m, 2H), 1.76 (dq, J = 15.3, 7.5 Hz,
2H), 1.24 (t, J=17.2 Hz, 3H), 0.98 (t, /= 7.4 Hz, 3H). MS m/z = 472.1 [M+1].

Example 45

F
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MS miz 111 NVR (400 MHz, DVSO- d6) (m 2H), 1.90 (d, J= 12.2 Hz,
2H), 1.80- 1.57 (m 4H), 0.98 (t, J=7.4 Hz, 3H 95 Nr-,NI| F 0 41's'" HH
4- ( Mor phowoOnreeti/oeami no) -t hi e no[3 2-d] pyrim di ne-7- car bexTUS2€10484965
[2,3 6-trifluoro-5-(pp . f z ) - pher i de; 531. 1 [ Mrl]
11.48 (s, 1H), 9.73 ‘ . TH AL AR 7.36 (m
1H), 3.89 (d, J= 1@- <£hldniz> 6ﬂtrbrp I%(p?&paﬂq% 1 slﬂfoihﬂzlamﬂnb'l) ph%hl)l] aﬁudleG 2.96 (m

t,, J=10.7 Hz, 2H), 1.78 - 1.66 2 0.96 (t, J=_7.4 Hz, 3
ath. 2.87 ( The title compound wals_l) was prepared using a sgmllar pti())cedure desc(rlbed in Example 43, g

using propylamine instead of cyclopropylamine. '"H NMR (500 MHz, DMSO-dg) 6 11.51 (s, 1H),
9.57 (s, 1H), 8.92 (s, 1H), 8.61 (s, 1H), 8.38 (t, ] = 5.6 Hz, 1H), 7.46 (dd, ] =9.1, 5.3 Hz, 1H), 7.36

10 (t,J=9.1 Hz, 1H), 3.52 (dd, J = 13.5, 6.4 Hz, 2H), 3.18 — 3.05 (m, 2H), 1.86 — 1.73 (m, 2H), 1.73
—1.59 (m, 2H), 0.99 (t, J = 7.4 Hz, 3H), 0.94 (t, ] = 7.4 Hz, 3H). MS m/z = 486.3 [M+1].

Example 46

MQ

4-Methylamino-thieno[3.2-d]pyrimidine-7-carboxylic acid

O

\\//O

IZ

15

[2.6-difluoro-3-(propane-1-sulfonylamino)-phenyl]-amide
Step A: 4-Chloro-N-(2,6-difluoro-3-(N-(4-methoxybenzyl)propylsulfonamido)-

phenyl)thieno[3,2-d]pyrimidine-7-carboxamide was prepared using a similar procedure described
20 in for Example 2, Step A, using N-(3-amino-2,4-difluorophenyl)-N-(4-methoxy-
benzyl)propane-1-sulfonamide in place of N-(3-Amino-2,4-difluorophenyl)-N-(4-methoxy-
benzyl)ethane-sulfonamide.
Step B: 4-Chloro-N-(2,6-difluoro-3-(N-(4-methoxybenzyl)propylsulfonamido)-
phenyl)thieno[3,2-d]pyrimidine-7-carboxamide (486.2 mg, 0.879 mmol) was dissolved in a
25  solution of methylamine in ethanol (10 M, 4.0 mL). The reaction mixture was heated in a
microwave reactor at 105 °C for 30 minutes. The mixture was concentrated under reduced
pressure and loaded onto silica. The crude product was purified using flash chromatography
(gradient elution: 0-100% (ethyl acetate + 15% methanol) in heptanes) to yield
N-(2,6-difluoro-3-(N-(4-methoxybenzyl)propylsulfonamido)phenyl)-4-(methylamino)thieno[3,2
30  -d]pyrimidine-7-carboxamide as a foam (55 mg, 40%). 'HNMR (500 MHz, DMSO-dg) 6 11.33 (s,
1H), 8.93 (s, 1H), 8.63 (s, 1H), 8.40 — 8.30 (m, 1H), 7.33 —7.22 (m, 1H), 7.21 = 7.11 (m, 3H), 6.85
(d, J= 8.6 Hz, 2H), 4.71 (s, 2H), 3.71 (s, 3H), 3.28 — 3.23 (m, 2H), 3.04 (d, J= 4.5 Hz, 3H), 1.85
- 1.73 (m, 2H), 1.01 (t, /= 7.4 Hz, 3H). ,
Step C: N-(2,6-Difluoro-3-(N-(4-methoxybenzyl)propylsulfonamido)phenyl)-4-
35  (methylamino)thieno[3,2-d]pyrimidine-7-carboxamide (55 mg, 0.098 mmol) was dissolved in a

solution of hydrogen chloride in 1,4-dioxane (4 M, 8.0 mL). The reaction mixture was stirred at 45
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N 4111 0"0 N HH 4-(1-Methyl-azetidin-3-ylamn
0)-thieno[ 3, 2-d] pyri mdine-7-c arboxylic acid
[2 3, 6- thDhunmnsﬁm(propane 1-s ul fonyl am no) - phenyl ] - amtdﬂBﬂMBM&mSm%l]

8y 1R g Yo s S Aot

N\ --- acftaje 4 ldnd --driédl. .in..-a----vaud® F 6v@ycI0p{z@mgham ntbthl erh{ 3,

2-d e-7-carboxylic acid [2,3,6-trifluoro-5-(3-fl uoro-
D an]epyréLmefclgllﬁfmaﬁ‘tﬁlggq %llgeql{yynmldme[ 7-carboxylic acid ( [2,6-difluoro- (propane-l-

sulfonylamino)-phenyl]-amide as the HCI salt (crystals, 25 mg, 53%). 'H NMR (400 MHz,
DMSO0-d6) § 11.38 — 11.13 (m, 1H), 9.73 (s, 1H), 9.22 — 8.86 (m, 1H), 8.66 (s, 1H), 7.40 (td, J =

10 89,5.7Hz, 1H), 7.24 (t, J=9.2 Hz, 1H), 3.15-2.99 (m, 5H), 1.83 ~ 1.67 (m, 2H), 0.98 (t,/=7.4
Hz, 3H). LC/MS: m/z 442.0 [M+1].

Example 47
/ h\l \\ /O
== N
Wk H
15 4-Cyclopropylamino-thieno[3.2-d]pyrimidine-7-carboxvlic acid

[2.6-difluoro-3-(propane- 1-sulfonylamino)-phenyl]-amide

4-Chloro-N-(2,6-difluoro-3-(propylsulfonamido)phenyl)thieno[3,2-d]pyrimidine-7-carbo
xamide (0.4 g, 0.9 mmol, as prepared in Example 40, Step A) and cyclopropylamine (0.186 mL,
2.68 mmol) were combined in 1,4-dioxane (0.5 mL) and heated in a microwave reactor at 120 °C
20 for 20 minutes. The reaction mixture was concentrated under reduced pressure, redissolved in
ethyl acetate and washed with saturated aqueous sodium bicarbonate. The organic layer was
mixed with silica gel, concentrated to dryness and purified by silica gel chromatography (0-30%
ethyl acetatecheptane) to give, after drying in a vacuum oven overnight,
4-cyclopropylamino-thieno[3,2-d]pyrimidine-7-carboxylic acid [2,6-difluoro-
25 3-(propane-1-sulfonylamino)-phenyl]-amide (321 mg, 80%). '"H NMR (400 MHz, DMSO-ds) &
11.39 (s, 1H), 9.67 (s, 1H), 8.97 (s, 1H), 8.63 (s, 1H), 8.51 (s, 1H), 7.38 (dd, /= 14.0, 8.5 Hz, 1H),
7.22 (t,J=8.9 Hz, 1H), 3.18 —2.96 (m, 3H), 1.76 (dd, J= 14.9, 7.4 Hz, 2H), 0.98 (t,J=7 .3 Hz,

3H), 0.85 (s, 2H), 0.71 (s, 2H). MS m/z = 468.1 [M+1].

30 Examples 48-63 in Table 3 were prepared according to the procedure described in

Example 47 using appropriate starting materials.

Table 3
Example "H NMR §
no. Structure Name MSm/z (400 MHz, DMSO-d6)

4-Ethylamino-thienof3 11.37 (s, 1H), 9.71 (s, 1H), 8.93 (s,

N of o o ,2-d]pyrimidine-7-carb 1H), 8.62 (s, 1H), 8.38(t,J=5.4
48 WNQN N oxylic acid 456.1 | Hz, 1H), 7.38 (td, /=8.9, 5.8 Hz,
AN I H £ H [2,6-difluoro-3-(propa | [M+1] | 1H), 7.22 (t, J=9.1 Hz, 1H), 3.65

ne-1-sulfonylamino)-p —3.51 (m, 2H), 3.15—-3.02 (m,

henyl]-amide 2H), 1.82 — 1.66 (m, 2H), 1.33 —

116



}-anide 504.1 [ Mr1] 11.45 (s,
1H), 7.41 (s, 1H), 4.59 (t,
3.01 (m Wwo2p1122380-

1H), 8.99 (s, 1H), 8.63 (s,
J= 5.9 Hz, 1H), 4.47 (t, J= 5.8 Hz, 1H), 3.17 -
1.96 (m 2H), 0.85 (br s, 2H), 0.7@cghs2@0/024d5s5 98

NN N AO 0/ 11 vy = A T Lol : L N :
NN 49 A=ttt nytanT no=-threnojjs, Z- d] pyr THNMR &
Z

-t - a _18 70TV
" 3, 6 (400 MHz5D¥ISO4db)

i mi di e ‘arboxy! i Struetmried - -1 upro- -Namgor o- pr ,
paneH=stt-fonytanmno)=phenyt—-am de 492.0 [ Mt1] 11[533(s,3H,H)98 (t1.0= 1OHE S

1H), 8.53 (s,

(1tH) 8.96%(:,2 1T)H“} 8.462 (f’ 1H)| 8.43 (s, 1H),| 7.53|- 7.42 (rdM1H), 4 60
. J=5 , 449 (T, J=[5.7 Hz, 114), |3.66- |B.355, [Hy 1023p}) 9-63(npgH),
J= 7.5 Hz, 2H), 2.19 - 2.04 (m |@ddgylaminoRBenpl3,| J= 78-1’2H21,Igg%-91 (f,%)a&”(%}:d’

N oF o 0 2-d]pyrimidine-7-carbox 5.5 Hz, 1H), 7.35 (dd, J= 14.6, 8.9
49 WN N;‘s”\/\ ylic acid 470.1 Hgz, 1H), 7.16 (t,J=9.1 Hz, 1H), 3.51
— N % /B g H [2,6-difluoro-3-(propane- [M+1] (dd,J=134,64Hz, 2H),3.10-2.95

1-sulfonylamino)-phenyl
]-amide

(m, 2H), 1.74 (dt, J= 15.1,7.5 Hz,
2H), 1.65 (dt, J= 14.6, 7.3 Hz, 2H),
0.95 (dt, J=11.5, 7.4 Hz, 6H)

4-Isopropylamino-thieno
[3,2-d]pyrimidine-7-carb
oxylic acid

N//\'ij 2 ) 0, 2
)\ W N NN .
N % H @ H [2,6-difluoro-3-(propane-

1-sulfonylamino)-phenyl
l-amide

1138 (s, 1H), 9.71 (s, 1H), 8.93 (s,
1H), 8.61 (s, 1H), 8.19 (d, J=7.5 Hz]
1H), 7.38 (td, J= 8.9, 5.8 Hz, 1H),
721 (t, J= 8.8 Hz, 1H), 4.51 (dq, J 5
13.4, 6.6 Hz, 1H), 3.16 —2.99 (m,
DH), 1.89 — 1.66 (m, 2H), 1.27 (d, J =
6.6 Hz, 6H), 0.98 (t,J= 7.4 Hz, 3H)

4-(1-Methyl-butylamino)
-thieno[3,2-d]pyrimidine

11.39 (s, 1H), 9.69 (s, 1H), 8.92 (s,
1H), 8.59 (s, 1H), 8.12 (d,J=8.1 Hz,
1H), 7.38 (td, J= 8.8, 5.8 Hz, 1H),
722 (t, J=9.2 Hz, 1H), 4.55 - 4.39

-7-carboxylic acid 498.1

[2,6-difluoro-3~(propane-| [M+1]

1-sulfonylamino)-phenyl
]-amide

(m, 1H), 3.16 - 3.00 (m, 2H), 1.83 —
1.70 (m, 2H), 1.65 (dt, J=13.7, 8.5
Hz, 1H), 1.58 — 1.46 (m, 1H), 1.36
(dt, J=13.1, 6.8 Hz, 2H), 1.23 (d, J 5
6.6 Hz, 3H), 0.98 (t, J= 7.4 Hz, 3H),
0.89 (t,J=7.3 Hz, 3H)
11.28 (s, 1H), 8.96 (s, 1H), 8.64 (m, |
ofF thienof3,2-d]pyrimidine- =5.6 Hz, 2H), 7.35 (m, 1H), 7.25 -
59 F\\\ _ N N,‘s”\/\ 7-carboxylic acid 474.0 | 7.11 (m, 1H), 4.71 (m, J=5.1 Hz,
N I H H [2,6-difluoro-3-(propane-| [M+1] |1H), 4.60 (m, J=5.1 Hz, 1H), 3.97
1-sulfonylamino)-phenyl 3.80 (m, 2H), 3.02 (m, 2H), 1.74 (m,
J-amide J=7.9, 2H), 0.97 (t, /= 7.4 Hz, 3H)
. . 11.25 (s, 1H), 9.76 (s, 1H), 9.00 (s,
4-(2,2-Difluoro-ethylami -
no)-thieno[3,2-dJpyrimid 1H), 8.79 (t, J=5.7 Hz, 1H), 8.70 (s,

F
A j@ 0,0 7 carbosylic aci 1H), 7.47 —7.29 (m, 1H), 7.20 (1, J =
-~ S8 - ylic acid 492.1 ©
53 ~ NN 2.6.difluore 3(propane-| [M+1] |, 04 H 1H), 6.42 — 6.09 (m, 1H),
1-sulfonylamino)-phenyl

4.00 (ddd, J=16.4, 10.3,4.9 Hz, 2H),
]-amide

4-(2-Fluoro-ethylamino)-

3.11-2.99 (m, 2H), 1.85 — 1.63 (m,
2H), 0.98 (t, J = 7.4 Hz, 3H)
11.38 (s, 1H), 9.75 (s, 1H), 8.93 (s,
1H), 8.61 (s, 1H), 8.28 (d, J = 6.9 Hz|

4-Cyclopentylamino-thie

Lo [ oicaia | 456 o i 165, 458 G-
54 O\ <7 N H,s\/\ rboxylic ack . 21(, .1 Hz, 1H),4.58 (dd,

N s M [2,6-difluoro-3-(propane-| [M+1] 13.8, 6.9 Hz, 1H), 3.14 — 3.00 (m,
1-sulfonylamino)-phenyl 2H), 2.04 (dd, J=18.0, 6.0 Hz, 2H),

]-amide 1.85—1.50 (m, 8H), 0.98 (t, /=74

Hz, 3H)

11.33 (s, 1H), 9.80 (s, 1H), 8.94 (s,
4-Cyclobutylamino-thien 1H), 8.66 — 8.50 (m, 2H), 7.37 (dd, J]

N oF o o[3,2-d]pyrimidipe—7—car =14.5,8.8 Hz, 1H), 7.19 (t, J=9.1

55 N\ ) N)s”\/\ boxylic acid 482.1 |Hz, 1H),4.72 (dd, J=15.5,7.9 Hz,
O\H 5 oM g H [2,6-difluoro-3-(propane-| [M+1] |1H), 3.10 —2.99 (m, 2H),2.33 (t, J =

1-sulfonylamino)-phenyl
J-amide

8.1 Hz, 2H), 2.23 — 2.09 (m, 2H),
1.74 (dt, J= 17.8, 7.4 Hz, 4H), 0.97
(t,J =74 Hz, 3H)
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Exanpl e 101 4- Am no-pyrrolo [2,1 [1, 2,41triazine-7-carboxylic acid

[ 2, 6-di fl uoro-3-(propane-I|-sul fonyl am no) - phenyTham de StepA A

vi al waschaiogetvisdad- ( 2, 4- di met hoxybenzyl am no) - PCT/US2010/046955
pyriolo[ 1,2-f][1,2,4]triazine-7-carboxylic acid (166 ng, 0.51 nmol),

N- (3-am no- 2, 4-di fl uoro- 20 phenyl )%ngaﬁ%“ -sul fonam de (152 ng, 0.61
mmol ), HATU (202 ng, 0.53 mmol), sopropyl ethylamne (0.18 ni, 1.01
mol) and DMF (2.5 nmL). Reaction mi xturefpas. stirred at 55 C for 16 hours,
after which it was dlluted W t 'é\yl ermi water. The |ayers were

separated and the aqueous er ex ﬁiw ate (2x). The
organi c | ayers were conbi n g d V\ch sod;qum sultate, filtered and
concentrated in vacuo. The crude pISOdUCt 25\K_/as purified byflash

chr omat ogr aphy t oaz{
ul f onam de) pheny1)

Y ¢lgprppylah I
[1,2,4]triazine- Wz@adlﬂamre pB ﬁu&r@;%ﬂoﬂi@le 14aﬁﬁonymﬁhm sHehill-a8004 ai ned
nunerous inmpurities. Material was still carried forward to the next step

St d9B: N- ( 2, &iteR f Auof-§hipropy- &%dsﬂnm@ﬁdﬁwfh@ym@ma_qlfwamdoaplmnvrbthmw%éﬁy| -
30 120
0 ARG oSk Brld o SRR A RSN e P B T

hours, Aft esinghi ¥H3idmineg cdifiaerphaiyed3-fluorpestane-Thelfohamtide pr ddugtaceasof
directl urified by SFC to afford 4-am no-pyrrolo [2,1 -f][1, 2, 4]
triazi r{% _(g-alglg}oo )‘39 orqu-gmoa)phenyl) -3-fluoropropane-I-sulfonamide.

MR (400 M CToveR aly - £ 1B Y PP P LR elpe Bl rdisaliyip Hdpierg

Hz 152H)47, 8. 16ising, 1H), 74-8HlorofNAB,6-difluddd)3-(3 ﬂﬁdro()tqpy]balf@nahnﬂlz)phé:lt‘j)l)thlZn@G

(0, D= st s S b a3 0L S P, BB g SO s 10008 fioy

[ MtHr . Jexaephényldetb N2t pNididhe-7-catboxamide. 'H NMR (400 MHz, DMSO-ds) § 11.39
4- Ami no- 5H-"pyrrol of 3, 2-di'pyri m di ne- 7- car boxyl i ¢ aci d

10[ 2, 6-(6i HDUB6E(S1Fpr HPAcre 1 H). L6 GniiasiTidy. Phefps (ddri-dbt.0, 8.5 Hz, 1H), 7.22

St epA: red { onqf (3:Am po- 2. 4-dj f e _

N (o mibnod By Pt bBanes tt I AR s Yoo 2hER 0 Olety < 1o ¢h dbhee
(2Qon)o.8%g, aqyi@dnt(glzm)tm kU IB6(2 M in hexane; 0.5 nL) dropw se. The
m xture was stirred at roomtenperature for 2 hours. A solution of ethyl
4-chl oro-5H pyrrol o[ 3, 2-d] pyrimdi ne-7-carboxylate 15 (1737 ng, 4.7 mol)
di ssolved in toluene (2 L) and 1, 4-di 0x@a r&g (4 nL) and was added to the
reaction mixture. The nixture was st PTR§3t 60 C over ni ght. The m xture

was quenched w th nmethanol and 2N HCLCI m xture was applied to a Varian
Chenel ut cartridge, eluted vm,l;,ﬁ\ i chljor o arf& @nd ethyl acetate, and
concentrated. The crude produact Ki 5‘°?~ng/\f\| ash chromat ography

(gradient elution: 0-100% et-Ry! acgtath i ,helptanes) to yield 20
N ( 3- (4- met hoxybenzyl - pr oﬁyl slul f cham do) - 2, 6-di fl uor opheny1l) -

fﬂ §h|5§6015|[+ME)]/.i rol %. fxdlaethoxvlln%rthlenohnfdﬁw%%{l 98 madbox(vi]ig :e)i(:?ldrrg 60%. LG M

St @5B: N-[ 3- (4- Met hoxy,belchibripr Py dsanbflofafshdiaimm) Hhdhfl|-u@idpheny1] - 4- chl or o-
4-Chloro-N-(2,6-dichloro-3-(propylsulfonamido)phenyl)thieno[3,2-d]pyrimidine-7-carbo

xamide (27 mg, 0.06 mmol, prepared as in Example 9, Step A) and methoxylamine hydrochloride
(70 mg, 0.84 mmol) were taken up in isopropanol (1 mL). The addition of
N,N-diisopropylethylamine (146 uL, 0.84 mmol) was followed by stirring at 60 °C for 1 hour. The
30  reaction mixture was concentrated in vacuo, and the crude product was purified through
preparative  HPLC to obtain 4-methoxy-amino-thieno[3,2-d]pyrimidine-7-carboxylic acid
[2,6-dichloro-3-(propane-1-sulfonylamino)-phenyl]-amide (11 mg, 40%). 'H NMR (400 MHz,
DMSO-dg) & 11.74 (s, 1H), 10.97 (s, 1H), 9.66 (s, 1H), 8.54 (s, 1H), 7.89 (s, 1H), 7.56 (d, J=9.0
Hz, 1H), 7.48 (d, /= 8.9 Hz, 1H), 3.82 (s, 3H), 3.18 —3.07 (m, 2H), 1.85 — 1.69 (m, 2H), 0.98 (t, J

35  =7.4Hz, 3H). LC-MS [M+1] m/z 490.0.
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5H pyrrol o] 3, 2-d] pyri m di ne-7- car boxam de (50 ng, 0.09 mmvol) was suspended
in a solution of ammonia in isopropyl alcohol (2 M 2.5 nL) The reaction
was heat ewloi2n112028940r owave reactor at 25 105 C for 10 nmiPOWUS201AMWOES a gas
was spassed through the reaction mxture., and the reaction was heated in a
mcrovvave reactor at 120 C for 30 m nut es Purging with ammoni a gas and
heating in a mcrowave reactor at 1EQalﬁ:pfeqf6 30 m nutes was repeated tw ce.
The m xture was concentrated and refluxed in trifluoracetic acid (2 nm.) for
2 hours. The crude product was r|f|@I iy §l ash chromat ogr aphy
(gradient elution using O- 100% et cet i Mghept anes) to yield 30
4-ami no-5Hpyrrolo [3 , 2- ne- 3 yl\r/\am d
[2,6-dif|uoro-3-(propane- -s fon 0) -phenyl]-amde (16 ng, 40%. 11-1
NVR ( (400 MHz, DVBO-d6) 6 12.26 (s 1H) 10.29 (s, 1H), 9.68 (s, 1H), 8.42

(s, 2H), 7.38 (dd,4- @vcl@ﬂro’éylaﬁuﬁo Héenol3R.ddyrddidide. 7- &hboxsalc%ld 3.00 (m 2H),
1.76 (dd, J= 15.1, 7.5 , 2 0.99 (t J— 7..4 HZ, LC/l\/B mz 411.1

[ MH1]. 35 u-mm . A aevrpheny
4- Nt hyl am SH-pyrr 3 dj 77 oX
[2!\@ di fl uo?g 3- (%r oﬁfa?lﬁifehrg su fonely cglrln(gpﬁ%y' d"1c rg%gﬁd&@l&i@%wd(o %p henyl)-

- (4- rretthreny[Bemd})plyﬂpﬂdmyﬂSdatﬁoﬁtaﬂlﬁde(tG} A zn@mmr IInnml qpéerydlgs-i4 Exhinple®, Skdp A)
pyrr ol o yrim di ne-7-carboxam de (50 0. 09mol ) and net hyl am ne
(60ul, ﬁmePY#%nmﬂF @1 M) vl Zemed ana@nr%e@f)bpﬂ ety altehe addel

ul, O. f 3

t hen c%m%%gmggﬁtﬁﬁ vaglggmdﬁ]e resul . %%: E%ggorﬁnglﬁég%a‘%svﬁg ec}eP%x%g&
trifl udwoacBid I;:aetmrdm(ﬁunet\)/asf amcénthatahéh tdvan aadaho catdeproduct aotifed ﬂlﬁough
Purificatio

b
4- et hyH gpﬁr%bw% ﬁ?{;&? 18] lglftgl% 40‘]YﬁLPPF9ﬁYéﬂIW8°'thE%‘?[B&(@Pﬂm&’dﬁleﬁ -carboxylic acid
2, 6-dibl H
[NI\/R (4:)[% l6LQIEROR- ﬁ@@gmr %ul?dﬁgﬁa@xﬁﬁbﬁﬁ%éﬂ?? dﬁh@@{ié rr%fﬁ)séﬁ 3( iy NMR (?@@@MH%
(s, 2H)DNf§Otd6)©§1 61)+€§,,1H7) B66 (| HRB.%. (6, 1), 8.8Bifs, 170)BL5 6s, 113);7@9@ H% 8.9Hz,

3207 3 85 Yoy R ekt g A ST b, el T e b

4- Cycl opnppwagie7aHHRYIH)Ob863b2d.dr P Fiz02HAR O/ E|§02<Hj i tL(aMsi[Mﬂ m/z
25[ 2, 6-di f | uoro-3 - (propane-|-sulfonyl am no) ph nyl] -am de he

tit20e c¥¥bund was prepared using a sinilar procedure as described for
Exarrpl e 103 using cyclopropylam ne in place of nethylamne in THF. 1H NWR
(400 MHz, DVBO-d6) 6 12.68 (s, 1H), 11.59 (s, 1H), 10.25 (s, 1H), 9.67 (s,
lH) 8 46 (Sixaﬂhﬂes &-98 it TablkH) were plepidd adeorBing tbizhe i) prodeddie {éscribed fh 1

Hz, 8 J= 6.6 _Hz, 1H), 3.19 - 3.00 (m 3H), 2.10 (dt, J= 15.0,
307.1 I-szanﬂ?ﬂ ysingapRiopripte staginggmatesals. o 98 (t, J= 7.4 Hz, 6H), 0.74 -
0.44 (m 311), 0.36 (dt, J= 6.8, 451% . LCGMS [MHl] mz 451.1. WO
2011/ 025940PCT/ US2010/ 046955 5Exanpl e beS - Met hoxyam no- 5H pyrrol op

, 2-|dEpypiem di ne- 7- xylic agid "HNMR §
[ 2,16-di°f | upra- 3- (n?%{cwg%e | - sul flonyl am nong pheny| Masrﬁ%= 1 (P8 &1Hzj PMBO-d6)
conpound was prepared using a di Wﬂhﬂ&@ﬁﬁﬂhﬁ)% as desch|-Heel 1HbP-68gdApRas G,
103 R ieno[3.2-d]pyrimidine.7-car 1H), 8.54 (s, 1H), 7.80 (m, 1H),
NN j@ 0,0 e s4sq | 745(d,J=8.7,2H),3.89 (d, /=
67 d\ My o N NS _ DOXylic act ' 10.5, 2H), 3.72 (t, J= 10.7, 2H),
wN- N al [2,6-dichloro-3-(propane-1- | [M+1] ”
sulfonylamino)-phenyl]-ami 3.12~2.96 (m, 4H), 2.87 (t, /=
de 9.8,2H), 1.74 (dd, /= 15.0, 7.6,
2H), 0.97 (t, J= 7.5, 3H)
11.48 (s, 1H), 9.66 (s, 1H), 9.02
4-(Oxetan-3-ylamino)-thien (d, J=5.4 Hz, 1H), 8.98 (s, 1H),
~n o o o o[3,2-d]pyrimidine-7-carbo 8.62 (s, 1H), 7.56 (d, J= 8.8 Hz,
68 o> N/ o ”s\/\ ~ xylic acid 516.0 | 1H),7.48(d,J=8.9 Hz, l_H), 5.28
N % ¢l [2,6-dichloro-3-(propane-1- | [M+1] | —5.17 (m, 1H), 4.88 (t, /= 6.9 Hz,
sulfonylamino)-phenyl]-ami 2H), 4.66 (t, J= 6.3 Hz, 2H), 3.15
de —3.05 (m, 2H), 1.82 — 1.69 (m,
2H), 0.97 (t, J = 7.4 Hz, 3H)
PR oo 4-(2,2-Difluoroethylamino)- 11.49 (s, 1H), 9.67 (s, 1H), 8.99 (s,
N| p N N 2§~ | thieno[3,2-d]pyrimidine-7-c 524.0 1H), 8.79 (t, /= 5.8 Hz, 1H), 8.69
69 . \(\N S [ H & H arboxylic acid M +‘1] (s, 1H), 7.59 (d, /= 8.9 Hz, 1H),
3 H [2,6-dichloro-3-(propane-1- 7.50(d, J=8.9 Hz, 1H), 6.26 (tt,J
sulfonylamino)-phenyl]-ami =56.0,3.9 Hz, 1H), 4.08 — 3.87
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usi ng nmet hoxyam ne hydrochl oride in place of nethylamne in THF. 1H NWR
(400 MHz, DMSO-d6) 6 12.41 (s,

9.65 (s, wel)291170269710(d J= 3.6 Hz,

1H),
1H),

11.34 (d, J= 3.3 Hz,

1H), 9.76 (s, 1H),

7.59 (d J= 3.2 IHE:r/mslzt)lp/()Z@Sﬂ (dd

J= [T aamicd 7 I8 (t, 0= 84 Hz, 111,648 (3, HOMRES, 3HS
3. 15 -no2. 99 (m 2H§3rucwr688 1.63 (m 2N9me 0.98 ($ M931145 LC(ME;M}Merﬂ,Ismdg)
15441.1. Ekxanple 106 0 N 20 using AN ge (m, 2H), 3.20 — 3.07 (m, 2H), 1.84
4- Net hyl - 5H pyrrol o] 3, 2-dl pyri ni di ne-7-carboxyli ¢ aci d| -1.67(m,2H),0.98(s,J=7.4Hz,
12,6-di fl upro-3-(propane-1-sul flonylani no) - phenyl |-anm dé The titi®H conpound
was| prepared using a simlar prlocedure as descri bed for 11E0EsPpHER9.85(s, 1H), 8.92 (s,
4- chl or o- N- (2" 6 di fduoro- 3- (4- n:g}s Qﬁﬁ%_){l{?&y I pul f ondil).d6Y hidhB1g (b= 7.6 Hz,
pyr|rol of 3, - df p} r| 8 \Za/c\ QIQ JGebnal [t% - Cdph@r dHNJ 2(daL -, gL 49 (d
3- (|3- f T%or plr, ) pH n;ydlc)htolfu EiRpae -6l Qy i 4 H?-%%{‘Bbf@éfﬁ oe:3
1H [NVR (40 lVHz, DIVBO d6) 6 2. leoé)&a,mﬂOthenﬁ] ffad &, 1H) 8?*5286 g,f 2
(s,] 1H), 8{56 (s, 1H, 7.37 (td, J= 258.8, 5.7 Hz, 1H) If 09@ {9
8. 4z, IH), 3708 (dd, I=8 767 Hz; 2H—2-761(s 35 mmL SRR
2H)|, 0.98 (t, J= 7.4 Hz, 3H. LC M5 [M+l] nmlz 410.1. Eg@g@fg Z((SlﬂH)N; ‘%@1 ?j
SHGI 30 Thjeno[ 3, 2-dl pyri m di nes@ecAyderi-s-Gladmby 6.2 Hz, lH) 7.56 (d, J = 8.8 Hz, 1H),
[ 2,16- di chl pro- 3-4&pr af lo- sul flabpTidyyimahenyh] -ani des (AND-8.9 Hz, 1H), 4.78 (d, J -
2011/ 02594pPE&T/ ”}\W&%« boxylic acid Mt ! 3.7 Hz, 1H), 4.00 — 3.82 (m, 2H),
54-|Chl or o- N~ ZN6- g chl ot o” 3- (pr Bgﬁyd@lspﬁbﬁpamndd)sydnényf ) { Bi82ndpB(R 3d} py¥ [Wdi/di
ne-|{7- car bo| xam de (27 ny, 0.06 |miwymapghervl-{rd ng) wer &-& dkiiz g, 2-p7 abdt(ne
acild (1 mL). The nmixture was hgated in a microwaye rea¢tbr2-03(tdyo0 2@ ¢4z 30),
m nut-es—Fhe-reacti-on—md-ure-Was—concentratedi-p—vacu 11%@(‘(1’ Ifgfgégkl()"qlfg (2 933H()
S S S
praduct purified by preparative, HLG Lo obtain., 1H), 8.60 (s, 1H), 8.56 (d, /= 7.0 Hz,
thi eno_[ 3, 2rd] pyr INm gu /ocar bC i}) %1 L —carbo yhc 7.59 (d,/=8.8 Hz, 1 49(d
[ 2,|6- dichl o%&‘ﬁ\% is%/ulfon 16> phenyt: -@H%s Z((d 10
1H INMR (40D a6)H 6 10. @Jé aﬁe’fa}or Hbro a%eﬁ@ul M BH]5, ¢ 79345 nG(iH) abb 22’9 )7
(td, J= 8.9, 5'8 Hz, 111), 7.34 foflthminbTpien ],.anﬁdeg Hz, 1), 2311906 m32901. 2(4FH1 67
3H), 1.92 + 1.59 (m 2H), 0.98 (t J= 7.4 Hz, 3H). LC Mgm[4vb]osiml 2= A4z GH).
Exdnpl e 10B . 10.96 (s, 1H), 9.69 (s, 1H), 9.05 (s,
i o~ ol oo |+Cyancamino-thieno[3,2-dlp 1H), 8.51 (s, 1H), 7.61 (d, J = 8.8 Hz,
73 WN N'\S/\/\ yrlm}dme-7-carboxyhc acid | 485.0 1H), 7.52 (d, J = 8.8 Hz, 1H), 3.20
N=_ s I w LW [2,6-d1chldro-3-(propane-1.—su1 [M+1] 3'1’0 (m, 3}’1), 182 1"70 (n;, 1),
H fonylamino)-phenyl]-amide 0.98 (t, J = 7.4, 3H)
11.53 (s, 1H), 9.66 (s, 1H), 8.96 (s,
4-(2-Fluoro-ethylamino)-thien 1H), 8.64 (s, 2H), 7.58 (d, /= 8.9 Hz,
N o° o0  |o[3.2-dlpyrimidine-7-carboxyl| .o, [LH),7.49 (d,J=8.9 Hz, 1H),4.71 (4,
74 Ly N NS~ ic acid M+'1 J=5.0Hz, 1H), 4.60 (d, /= 5.0 Hz,
N D H oo H [2,6-dichloro-3-(propane-1-sull ™M1 11173 88 (dd, 7= 26.4, 5.2 Hz, 2H),
fonylamino)-phenyl]-amide 3.20 — 3.04 (m, 2H), 1.83 - 1.65 (m,
2H), 0.98 (t, J=7.4 Hz, 3H)
4-(1-Methyl-azetidin-3-ylamin 10.99 (s, 1H), 8.73 (s, 1H), 8.37 (s,
. o)-thieno[3,2-d]pyrimidine-7-c 1H), 8.23 (s, 1H), 7.37 (d,J=9.0 Hz,
N9 0,0 arboxylic acid 5391 |H),7.28(d,J=9.0Hz, 1H),4.43 (4,
75 \NQ\N\ /s N T NS [2,6-dichloro-3-(propane-1-sul| [M+1] J2 I_{)7§ gzgdzHJ),_ 3%94(%1 32.315)25
fonylamino)-phenyl]-amide 2.86 (s, 3H), 2.47 (m. 2H), 1.75
1.62 (m, 2H), 0.93 (t, J= 7.4 Hz, 3H
11.44 (s, 1H), 8.94 (s, 1H), 8.62 (s,
~N o© o 4-Ethylamino-thieno[3,2-d]pyr 1H), 8.39 (t,J= 5.4 Hz, 1H), 8.16 (s,
76 N p ,‘\s"g/\ imidine-7-carboxylic acid 488.0 1H), 7.54 - 7.30 (m, 1H), 6.49 (s,
N)\efk N & N [2,6-dichloro-3-(propane-1-sul] [M+1] | 1H), 3.76 — 3.46 (m, 2H), 3.02 (s,
/N s fonylamino)-phenyl]-amide 2H), 1.70 (dt, J=15.1, 7.6 Hz, 2H),
1.24 (s, 3H), 0.96 (s, 3H)
11.45 (s, 1H), 8.92 (s, 1H), 8.62 (s,
4-(Tetrahydropyran-4-ylamino 1H), 8.26 (d, J="7.2 Hz, 1H), 7.42 (s,
)-thieno[3,2-d]pyrimidine-7-ca 2H), 6.54 (s, 1H), 4.40 (s, 1H), 3.93
77 & w Q rboxylic acid [i‘/‘li'lo] (d,J=9.4 Hz, 2H), 3.44 (s, 4H), 2.98
[2,6-dichloro-3-(propane-1-sul (s, 2H), 1.91 (d, /= 13.4 Hz, 2H),
fonylamino)-phenyl]-amid 1.80 - 1.57 (m, 5SH), 0.95 (t, J=7.4
Hz, 3H)
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15 Thi eno[ 3, 2-d] pyri m di ne-7-carboxylic acid [2,6-difluoro-3

- (propane-| -sul f onyl am no) - phenyl ]
charged vwohoﬂyuzhmoro N-(2,6

-am de

A m crowave vi al
6- di f | uor o- 3- (propyl suI fonanwdm)uszolo/046955

was

ph “Ekéﬂ{ 1él ‘,IIUL O L UJ P_yl I III dl IIC 7 L,Cll bUAClIII dU \O \J U, (\ \J\JU LU %
pr eparxgﬁ from ExamStr@tu&O 40, St ep A), Name n- but yI tMShm/Iznydrl &H%‘R 1d6
0. 671 mmoij, tetTaki 5([ T pnenyl 11?'(5)251“['1’1ﬂﬁ§1)01~éﬁ)'yfaﬁ b)“'\ 0) . !111 mg IH) 9!72 Hbﬁl)lblblgl(s)
and tol uene (1. p‘/\ )O roeact | |QRlerd] 3%t dfSyBmptas-7ReRt ed | r L gl G /8 (d, ¢agk o,
at [15076C for 15} Thepal | adi ysrylhiesiadue was[5 |7|4t8Qng 3@z, and.57
thel filtraf év&%cé trat 8d i N vaEuadichToRes-@rapate-1miX t Mé] (PLPH) Bi1e n,b¥), 1.75 (m,
revierse ph ase” HPLC to afford thi fordnBnad-plithpyamidd di ne- 74 caroxya ¢, ¢=agitd, 335
[ 2,6-difluopro-3-(propane- 1 -sul fonyl am no)- phenyl]-amdd §0HDT.04(s, TABR6I (s,
111 NVR (400 Mz, DMSO d6) 6 104 z@peg@m 4Jy15Q1m0)9th1Z1§, (s, 1} ), 894 B11H)ST 37144y = 8.9 He,
9.38 (S: 1 , 9. ‘3‘2N (5C' 1-3 - imidmeS-&ibo 11 Hz, 727((12‘11— 832 36.61 (s,
04 71 3 Hz 8
9.2, 779 H_HN N sM( il - M(%& -?d, 0. 27884
Hz,| 3H). L zS MS) 413, e[cMhno}o 3-GRpxamplies %J ol T} ;
5 V\FI‘ e prepared accor d| ng to t hefopylogsghueaylHasidy | bed | i S NG5 4
appropriate starting materials.| 35 WD 2011/ 025940PCT/ U]S 01 abl e
S Bxanple prructure Name N5 17z TH NVR™ 5 o, — I (400 M q)p(pghp@)m) 8.94 (s
109 5 0, sF o 4-(4,4-Difluoro-cyclohexylami 1H), 8.64 (s, 1H), 8.25 (d, J = 7.7 Hz,
=9 0 0 no)-thieno[3,2-d]pyrimidine-7- 578.0 [1H),7.56 (d,J=9.1 Hz, 1H), 7.48 (d
80 F \_/ N NS carboxylic acid : AN ’ e AT ’
F>QN JJ NGB [2.6-dichloro-3-(propane- 1-sul [M+1] Y =28.9Hz, 1H), 4.39 (s, 1H), 3.23 -
H fonylamino)- h‘;n ‘;]_ami = 2.95 (m, 2H), 2.00 (m, 4H), 1.86 —
y pheny 1.58 (m, 2H), 0.97 (t, J= 7.4 Hz, 3H
11.56 (s, 1H), 9.65 (s,1H), 8.91 (s,
o 1H), 8.59 (s, 1H), 8.19 (d, J="7.7 Hz,
o 4-Cyclohexylamino-thienof[3,2 1H), 7.53 (d, J— 8.4 Hz, 1H), 7.46 (d]
" N9 ]@L 00 -dJpyrimidine-7-carboxylic | 5,5 o | ;2 ¢ 1z 1H), 4.17 (s, 1H), 3.15 —
QNWL YN . acd [M+1] | 3.00 (m, 2H), 1.96 (s, 2H), 1.84 —
HoS [2,6-dichloro-3-(propane-1-sul 171 (m, 4H), 1.72 — 1.60 (m, 1H)
fonylamino)-pheny1]-amide 1.40 (m, 4H), 1.18 (s, 1H), 0.97 (t, J
=7.4 Hz, 3H)
o 11.62 (s, 1H), 9.89 (s, 1H), 8.97 (s,
\ 4-Cyclopropylamino-thieno[3, 1H), 8.63 (s, 1H), 8.55 (s, 1H), 7.62
N N,\S\\/\/\F 2-d]pyrimidine-7-carboxylic (d, J=8.9 Hz, 1H), 7.54 — 7.46 (m,
8 =N £ HO acid 518.0 [1H), 4.61 (t,J=5.9 Hz, 1H), 4.49 (t|
\_¢ i o [2,6-dichloro-3-(3-fluoro-prop| [M+1] [J=6.0 Hz, 1H), 3.31-3.22 (m, ZH),
HN g ane-1-sulfonylamino)-phenyl]- 3.10 —2.99 (m, 1H), 2.21 —2.04 (m,
amide 2H), 0.92-0.78 (m, 2H), 0.77-0.64
(m, 2H)
11.59 (s, 1H), 9.89 (s, 1H), 8.93 (s,
) N i 1H), 8.62 (s, 1H), 8.42 (t,J= 5.4 Hz,
U oavtous ot IS TR PR
23 N ) NI;LN;S\\/\/\F [2,6-dichloro-3-(3-fluoro-prop 506.0 |J=8.9 Hz, H), 461 (t, /=59 Hz,
7 N N . [M+1] |1H), 4.49 (t, J= 6.0 Hz, 1H), 3.63 —
SN s cl ane-l-sulfonylamlno)-phenyl]— 3.52 (m, 2H), 3.29 — 3.20 (m, 2H)
amide 2.20 —2.04 (m, 2H), 1.23 (t, J=7.2
Hz, 3H)
4-Cyclopropylamino-thieno[3, 150 (s, 1H), 10.21 (br s, 1H), 8.98 (s_,
. OB ! 1H), 8.64 (s, 1H), 8.55 (s, 1H), 7.45
N OCII;\ 2—d]pyrlmldlne:17-carboxyhc 7.34 (m, 2H), 4.60 (t, J = 6.0 Hz
N™ RN aci 502.2 | i > i ) i
84 - -5 F 1H), 4.48 (t, J= 6.0 Hz, 1H), 3.26 —
D= N T W [6-chloro-2-fluoro-3-(3-fluoro{ [M:+1] 3)1’ ‘o (2’H) NV (n); o
" propane-1-sulfonylamino)-phe 2.18 - 2.00 (m, 2H), 0.92-0.80 (m
nyl]-amide 2H), 0.77-0.63 (m, 2H)
1.44 (s, 1H), 8.94 (s, 1H), 8.62 (s,
F fand —
F 4-Ethylamino-thieno[3,2-djpyr| 71 ?g’(fnz'?g)’é 4S?SHIZP,I)1 };)’5;(5; J
/: o . . 3 7. . . Y . > - > > . y
N 0,0 imidine-7-carboxylic acid 474.1 _
85 N & : =14.2, 7.1 Hz, 2H), 3.03 (s, 2H)
\WV% N N~ ~"\|[2,3,6-trifluoro-5-(propane-1-s| [M+1] 1.70 d’J— 14’8 741H 2H’ 12’4
N i H H Ifonvlamino)-phenvll-amid .70 (dt, J=14.8, 7.4 Hz, 2H), 1.
7N s F ulfonylamino)-pheny1}-amide (t, J=72 Hz, 3H), 0.96 (t, J= 7.4

Hz, 3H)
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NP-zzNHN FN- N HO \ /0

S Thi eno[ 3, 2-d] pyri m di

ne-7-carboxylic acid

[ 2, 6-difluoro-3-(3-fluo ro-propane-|-sul fonyla m no)-phenyl]--amde 431.0
10W92()1;1/02394)) 9. 80 (s 1H), 9.75 (s, 2H),
J=

[ Mr1]
111)
6.0
2H)[ITI0 O
ne-{7- carbo
m np) - pheny
9.3
1H)
2.2

87

88

89

90

91

92

93

94

1Exa4npﬁ:'-
Hzpo. 1H) ,

9. 38 (PS,‘T/IISH)I,O/O@@@Q (s,

8 Hz T IH 725 (S

4.49 fructie= 6 0 Hz, 1H), Yape - 3. 1f

T ARG =

972
b M2 2H) (2003212, BM3B-doiM

8 (8 1
.61
2. 0]

ylic acid [2, 6
I']- amNde 4

“,4’\/7\60 (d, J=ci8. 7 Hz,
tb\ I7H

H, 4245 iflvorg =(aopenetys

FITINFINOS N,V HO /0 a IS Thi eno]
6- di chl [@x9clSprdpghaminbiehidhel3 |

L Mt 1] 2-dlfyrididdifesy-catbbfylic §

ulfonylamino)-phenyl}-amide

Py 53 (EN1ED, 9.94 (s, 1H), 9.00 (s,
2tH); S6ul (5, 08y B2 (s, 1H), 7.46
i(dt, AH)1,6, B7 A6 115 3.20H).11

| 5. 2[0 3.03 (4t J8. 1V4Hz4HZ
|1H3,1:88 —138 (g 2H Y

7.4 Hz, 3H), 0.86 (d, J= 57Hz H)
0.70 (s, 2H)

U-(Oxetan-3-ylamino)-thieno[ 3
,2-d|pyrimidine-7-carboxylic
acid
[2,3,6-trifluoro-5-(propane-1-s
ulfonylamino)-phenyl}-amid

502.1
[M+1]

11.38 (s, 1H), 10.59 — 9.68 (m, 1H),
9.01 (s, 2H), 8.63 (s, 1H), 7.42 (dd, .J
=19.7,7.8 Hz, 1H), 5.23 (dt, J=
13.2, 6.6 Hz, 1H), 4.88 (t, J=6.9 Hz,
2H), 4.66 (t, J= 6.3 Hz, 2H), 3.16 —
2.92 (m, 2H), 1.83 ~ 1.52 (m, 2H),
0.97 (s, 3H)

U-(Tetrahydro-furan-3-ylamino
)-thieno[3,2-d]pyrimidine-7-ca

516.1
[M+1]

11.46 (s, 1H), 10.24 (s, 1H), 8.98 (5,

1H), 8.65 (s, 1H), 8.56 (d, J= 6.2 Hz,

1H), 7.43 (dt, J = 12.1, 8.1 Hz, 1H),
4.78 (s, 1H), 4.03 — 3.79 (m, 2H),
3.73 (ddd, J=13.0, 11.6, 6.0 Hz,

2H), 3.08 (s, 2H), 2.27 (dt, J = 14.7,
7.7 Hz, 1H), 2.03 (dt, J= 12.3, 6.4
Hz, 1H), 1.72 (d, J = 7.6Hz, 2H),

0.97 (t, J = 7.4 Hz, 3H)

. 0 N
N,‘ T~ _rboxyhc acid
[2,3,6-trifluoro-5-(propane-1-s
ulfonylamino)-phenyl]-amide
4-(2-Fluoro-ethylamino)-thien
o[3,2-d]pyrimidine-7-carboxyl
N ic acid

[2,3,6-trifluoro-5-(propane-1-s
ulfonylamino)e-phenyl}-amid

492.1
[M+1]

11.43 (s, 1H), 10.21 (br s, 1H), 8.99
(s, 1H), 8.68 (t, J= 5.4 Hz, 1H), 8.65
(s, 1H), 743 (dt, J=12.1, 7.8 Hz,
1H), 4.72 (t, J= 5.0 Hz, 1H), 4.61 (t,
J=5.0Hz, 1H), 3.91 (q, 5.2 Hz, 1H),
3.84 (q, J= 5.2 Hz, 1H), 3.14 - 3.02
m, 2H), 1.81 - 1.64 (m, 2H), 0.97 (t,
J="71.4Hz, 3H)

4-(2,2-Difluoro-ethylamino)-th|

0 ieno|3,2-dlpyrimidine-7-carbo
S xylic acid

[2,3,6-trifluoro-5-(propane-1-s
ulfonylamino)-phenyl]-amide

510.1
[M+1]

11.42 (s, 1H), 9.98 (s, 1H), 9.03 (s,
1H), 8.83 (t, /= 5.9 Hz, 1H), 8.70 (s,
1H), 7.47 (dt, J=11.3, 7.6 Hz, 1H),
6.26 (tt, J= 56.0, 4.0 Hz, 1H), 4.09 -
3.91 (m, 2H), 3.21 — 3.11 (m, 2H),
1.81 — 1.67 (m, 2H), 0.98 (t, J="7.4
Hz, 3H)

4-Isopropylamino-thieno[3,2-d
o Ipyrimidine-7-carboxylic acid
[2,3,6-trifluoro-5-(propane-1-s
ulfonylamino)-phenyl]-amide

488.1
[M+1]

11.54 (s, 1H), 9.97 (s, 1H), 8.96 (s,

1H), 8.62 (s, 1H), 8.24 (s, 1H), 7.47

(d,J=8.2 Hz, 1H), 4.52 (s, 1H), 3.16

s, 2H), 1.74 (d, J="7.1 Hz, 2H), 1.27

(d, J=5.9 Hz, 6H), 0.99 (d, J= 6.9
Hz, 3H)

4-Methylamino-thieno[3,2-d]p

Q, 0 yrimidine-7-carboxylic acid
S 2,3 ,O-trifluoro-5-(propane-1-s

ulfonylamino)-phenyl]-amide

460.1
[M+1]

11.50 (s, 1H), 10.04 (s, 1H), 8.96 (s,
1H), 8.64 (s, 1H), 8.40 (s, 1H), 7.45
(d,J=8.5 Hz, 1H), 3.12 (s, 2H), 3.04
(s, 3H), 1.73 (d, J="7.5 Hz, 2H), 0.98
(t, J=7.3 Hz, 3H)

4-(3,3-Difluoro-cyclobutylami
mo)-thieno[3,2-d]pyrimidine-7-

‘\ P carboxylic acid

[2,3 ,o-trifluoro-5-(propane-1-s
ulfonylamino)-pheny!}-amide

536.1
[M+1]

11.42 (s, 1H), 9.97 (br s, 1H), 9.01 (s,
1H), 8.78 (d, J= 5.9 Hz, 1H), 8.68 (s,
1H), 7.50 — 7.41 (m, 1H), 4.54 (d, J
6.0 Hz, 1H), 3.20 — 3.02 (m, 4H),
2.91 —2.72 (m, 2H), 1.82 — 1.66 (m,
2H), 0.98 (t, J= 7.4 Hz, 3H)

4-(Tetrahydropyran-4-ylamino
)-thieno[3,2-d]pyrimidine-7-ca
rboxylic acid
[2,3,6-trifluoro-5-(propane-1-s
ulfonylamino)-phenyl]-amide

530.1
[M+1]

11.51 (s, 1H), 9.95 (br s, 1H), 8.98 (s,
1H), 8.63 (s, 1H), 8.31 (d, J= 7.4 Hz,|
1H), 7.50 — 7.41 (m, 1H), 4.47 — 4.35
(m, 1H), 3.93 (d, J = 8.4 Hz, 2H),
3.44 (t,J = 11.2 Hz, 2H), 3.20 — 3.08
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111 G am O
no) pheny\wpzarwuie94429 2 [I\/H]

NS 7=NHN W N \r,

NFH -' /0 S Thieno[ 3, 2-d] pyri m di
ne-7-carboxylic acid [6-chl oro-2-fluoro-3-( propane-I|-sulfonylam

10.93 (s, 1H), 9.95 (s,
J.

1IH):T/132(7171/0(1®55 1H),

9. 39 k ple 9734 \b, A9—F—39 \ll; LI_I}, 9O, U9 1 1—8%
| ga;z 0. QWC(U[fe Hz, 3HNamd2 O a Hl\lgj(%mﬁwﬁﬁég & 10
F SFN SO[[ azol 0[ ri 5Td] pyrl rdirme=3=—car mbyi T I (m, 2H), 190fd J=122Hz, 2H),
[ 6-chl oro-2-fl uoro- 3-( - propane-| -sul fonyl ani npgo_pn ST P a)gm(ge—m
Hz, 3H)
4-(Morpholin-4-ylamino)-thie Lo és’ SIH)’ o §s;1 IH); oy (s,
no[3,2-d]pyrimidine-7-carbox ), 855 (s, 1H), 7.47 ~7.36 (m,
95 : o acid 1H), 3.89 (d, J = 10.5 Hz, 2H), 3.72
23,61l yoif)as‘“( obane]os (t, J=11.0 Hz, 2H), 3.16 — 2.96 (m,
T lamlilno)— herl’l ﬁ’_ami de UH), 2.87 (t, J = 10.7 Hz, 2H), 1.78 -]
Y pheny 1.66 (m, 2H), 0.96 (t, J="7.4 Hz, 3H
4-(1-Methyl-azetidin-3-ylamin
L azcuai-o- Y arth 11.13 (s, 1H), 9.42 (s, 1H), 9.11 (s,
0)-thieno[3,2-d]pyrimidine-7- 1H), 8.14 (s, 2H), 3.17 — 3.02 (m,
96 N arboxylic acid
\NQ\ = [2,3,6-trifluoro-5-(propane-1-s 4H), 1.81 - 1.68 (m, 2H), 1.24 (m,
N 32,V =0 -L= —
HO S ulfonylamino)-phenyl]-amide 6H), 0.98 (t, /=74 Hz, 3H)
4-Cyclopropylamino-thieno|[3, 11.45 (s, 1H), 8.99 (s, 1H), 8.63 (s,
2-dlpyrimidine-7-carboxylic 1H), 8.53 (s, 1H), 7.41 (s, 1H), 4.59
97 acid (t, /J=59Hz 1H),4.47 (t, J=5.8
[2,3,6-trifluoro-5-(3-fluoro-pro Hz, 1H), 3.17-3.01 (m, 3H), 2.18 —
pane-1-sulfonylamino)-phenyl 1.96 (m, 2H), 0.85 (br s, 2H), 0.70
J-amide (br s, 2H)
11.53 (s, 1H), 10.10 (s, 1H), 8.96 (s,
4-Ethylamino-thieno[3,2-d]pyr] 1H), 8.62 (s, 1H), 8.43 (s, 1H), 7.53
imidine-7-carboxylic acid 7.42 (m, 1H), 4.60 (t, J= 5.8 Hz,
98 [2,3,6-trifluoro-5-(3-fluoro-pro 1H), 4.49 (t, J= 5.7 Hz, 1H), 3.66 —
pane-1-sulfonylamino)-phenyl 3.52 (m, 2H), 3.26 (d, /= 7.5 Hz,
J-amide DH), 2.19 ~2.04 (m, 2H), 1.23 (t, J =
7.1 Hz, 3H)
5
Example 99
O, ,/O
N~ \/\
H
4-Amino-5-methyl-thieno[3.4-d]pyrimidine-7-carboxylic acid
10 [2.6-difluoro-3-(propane-1-sulfonylamino)-phenyl]-amide
Step A: 4-(2,4-Dimethoxybenzylamino)-5-methylthieno[3,4-d]pyrimidine-7- carboxylic
acid 0.49 mmol), N-(3-amino-2,4-difluorophenyl)-

N-(4-methoxybenzyl)propane-1-sulfonamide (200 mg, 0.539 mmol), and HATU (279 mg, 0.74

mmol) were dissolved in N,N-dimethylformamide (4 mL) and N,N-diisopropylethylamine (0.26

15  mL, 1.47 mmol). The reaction was allowed to heat to 55 °C overnight. After cooling to room

temperature the reaction mixture was diluted with ethyl acetate and washed with saturated sodium

bicarbonate. The organic layer was concentrated and purified by flash chromatography (0-100%

ethyl

acetate:heptane)

give

N-(2,6-difluoro-3-(N-(4-methoxybenzyl)propylsulfon-amido)phenyl)-4-(2,4-dimethoxybenzyla

20 mino)-5-methylthieno[3,4-d]pyrimidine-7-carboxamide (54 mg, 15%).
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'H NMR (400 MHz,




448.0 [ M+1l] 10.86 (s, 1H), 10.00 (s, 1H), 9.48 (s, 1H), 7.47 -7.41 (m
2H), 4.60 (t, J= 5.9 Hz, 1H), 4.49 (t, J= 5.9 Hz, 1H), 3.27-3.17 (m 2H),
2 19 - 2\0(1)2()m/02294p 113 C=NO, ,0 MN1) \ /,\s, ,,, THH HRCT/US2010/046955

ne I-s lﬁé ony f@ OO%ISr(IS Lﬁ£§{3§égl§§r?§ﬁ§ Ilg) @ﬁgdiﬁwq%gs 3%‘)%'@?%1{) 96%06
(s 1H)(s, H{)564(7$s, 1HH)4.70(s3THY, BR6 (d%fﬂ, 074 Qsl;BH) 3.708s,(4d0), 3.27—-8.22,(nG 2H),Hz78
.4 Hz, 3H) Tabl e 6 shows the

2-1.67 t,
act i vi t@ P &&lt(éelw)c&?%@??ndgl ﬂMﬁ%ﬂl nvent ion tested in the above B- RAF

JOOOE 1 nhi bldtepn Bssay.(d SARHIRLE-N-(FRIRKFbEZ HprdpPRE AR bhenyhla2.4-

dimethoxybenzylamino)-5-methylthieno[3,4-d]pyrimidine-7-carboxamide (54 mg, 0.076 mmol)

10 was dissolved in trifluoroacetic acid (3 mL) and heated to reflux for 3 hours before concentration
to dryness. The residual oil was dissolved in ethyl acetate, washed subsequently with saturated
sodium bicarbonate, water, and brine. The organic layer was purified by flash chromatography
(0-100% ethyl acetate: heptane) to give 4-amino-5-methyl-thieno[3,4-d]pyrimidine-7-carboxylic
acid [2,6-difluoro-3-(propane-1-sulfonylamino)-phenyl]-amide (9 mg, 30%). "H NMR (400 MHz,

15  DMSO-ds) 6 10.89 (s, 1H), 9.67 (s, 1H), 8.26 (s, 1H), 7.36 (dd, J= 14.5, 8.7 Hz, 1H), 7.20 (t, J =
8.9 Hz, 1H), 3.14 - 3.04 (m, 2H), 3.01 (d, /= 11.0 Hz, 3H), 1.83 — 1.69 (m, 2H), 1.02 — 0.95 (m,
3H). MS m/z = 442.2 [M+H]".

Example 100
F
NRN 0o 0, 0
\ AN N N/S\/\
20 N Ns H f H

4-Amino-N-(2,6-difluoro-3-(propylsulfonamido)phenyl)thieno[3.4-d]pyrimidine-7-carboxamide

Step A: 4-(2,4-Dimethoxybenzylamino)thieno[3,4-d]pyrimidine-7-carboxylic acid (114
mg, 0.330 mmol) and benzotriazol-1-yloxytris(dimethylamino)phosphonium
hexafluorophosphate (0.219 g, 0.495 mmol) were dissolved in DMF (3 mL, 0.04 mol).

25  1,8-Diazabicyclo[5.4.0Jundec-7-ene (64.2 ul, 0.429 mmol) was added to this solution and the
resulting  mixture was stimed for 5 minutes before the addition of
N-(3-amino-2,4-difluorophenyl)propane-1-sulfonamide (124 mg, 0.495 mmol). The reaction was
heated to 55 °C overnight, cooled to room temperature, diluted with ethyl acetate and washed with
saturated aqueous sodium bicarbonate. The organic layer was then purified via flash

30  chromatography (0-100% ethyl acetate : heptane) to give
N-(2,6-difluoro-3-(propylsulfonamido)phenyl)-4-(2,4-dimethoxybenzylamino)thieno[3,4-d]pyri
midine-7-carboxamide as a tan oil (44 mg, 24%). "H NMR (400 MHz, DMSO-ds) 8 10.94 (s, 1H),
9.71 (s, 1H), 9.24 (s, 1H), 9.04 (s, 1H), 8.41 (s, 1H), 7.37 (d, J= 5.8 Hz, 1H), 7.27 — 7.15 (m, 2H),
6.61 (s, 1H), 6.50 (d, J=8.7 Hz, 1H), 4.70 (d, /= 4.4 Hz, 2H), 3.82 (s, 3H), 3.75 (s, 3H), 1.75 (dd,

35 J=14.6,7.0 Hz, 2H), 0.98 (t, J= 7.3 Hz, 3H). MS m/z = 578.3 [M+H]".

Step B: N-(2,6-Difluoro-3-(propylsulfonamido)phenyl)-4-(2,4-dimethoxy
benzylamino)thieno[3,4-d]pyrimidine-7-carboxamide (44.7 mg, 0.0774 mmol) was dissolved in
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trifluoroacetic acid (3 mL) and heated to 115 °C in a sealed vial for 2 hours. The reaction mixture
was then concentrated to dryness, redissolved in ethyl acetate, washed with saturated sodium
bicarbonate and purified by flash chromatography (0-100% ethyl acetate: heptane) to give
4-amino-N-(2,6-difluoro-3-(propylsulfonamido)phenyl)thieno[3,4-d]pyrimidine-7- carboxamide
as tan solid (13 mg, 39%). 'H NMR (400 MHz, DMSO-ds) & 10.90 (s, 1H), 9.72 (s, 1H), 8.95 (s,
1H), 8.57 (br s, 1 H), 8.40 (br s, 1H), 8.34 (s, 1H), 7.43 — 7.32 (m, 1H), 7.23 (t, J= 9.3 Hz, 1H),
3.13 - 3.04 (m, 2H), 1.75 (dd, J = 15.0, 7.8 Hz, 2H), 0.98 (t, J = 7.4 Hz, 3H). MS m/z = 428.1
[M+H]".

Example 101
F

PN
N™ N
) @ :
HoN ”’ﬁ/\/
O

\/ o F

4-Amino-pyrrolo[2.1-f][1,2.4]triazine-7-carboxylic acid

[2.6-difluoro-3-(propane-1-sulfonylamino)-phenyl]-amide

Step A: A vial was charged with  4-(2,4-dimethoxybenzylamino)-
pyrrolo[1,2-f][1,2,4]triazine-7-carboxylic acid (166 mg, 0.51 mmol), N-(3-amino-2,4-difluoro-
phenyl)propane-1-sulfonamide (152 mg, 0.61 mmol), HATU (202 mg, 0.53 mmol),
N,N-diisopropylethylamine (0.18 mL, 1.01 mmol) and DMF (2.5 mL). Reaction mixture was
stirred at 55 °C for 16 hours, after which it was diluted with ethyl acetate and water, The layers
were separated and the aqueous layer extracted with ethyl acetate (2x). The organic layers were
combined and dried with sodium sulfate, filtered and concentrated in vacuo. The crude product
was  purified by flash  chromatography to afford  N-(2,6-difluoro-3-(propyl-
Uulfonamide)phenyl)-4-(2,4-dimethoxybenzylamino)pyrrolo[1,2-f][1,2,4]triazine-7-carboxamid
¢ (120 mg, 42%), which still contained numerous impurities. Material was still carried forward to
the next step.

Step B: N-(2,6-difluoro-3-(propylsulfonamido)phenyl)-4-(2,4-dimethoxybenzyl-
amino)pyrrolo[1,2-f][1,2,4]triazine-7-carboxamide (120 mg, 0.21 mmol) was dissolved in TFA (2
mL) and the reaction mixture stirred at 50 °C for 5 hours, after which it was concentrated in vacuo.
The crude product was directly purified by SFC to afford
4-amino-pyrrolo[2,1-f][1,2,4]triazine-7-carboxylic ~acid [2,6-difluoro-3-(propane-1-sulfonyl-
amino)-phenyl]-amide (12 mg, 14%). 'H NMR (400 MHz, DMSO-dg) 6 10.53 (s, 1H), 9.84 (brs,
1H), 8.30 (d, J=26.3 Hz, 2H), 8.16 (s, 1H), 7.41 — 7.28 (m, 2H), 7.21 (t, J= 9.1 Hz, 1H), 7.06 (d,
J=4.3Hz, 1H), 3.11 -3.01 (m, 2H), 1.81 — 1.68 (m, 2H), 0.98 (t,.J= 7.3 Hz, 3H). (ES-MS) [M+1]
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5 m/z411.2 [M+H]".

Example 102

4-Amino-5H-pyrrolo[3.2-d]pyrimidine-7-carboxvlic acid

10 [2.6-difluoro-3-(propane-1-sulfonylamino)-phenyl]-amide
Step A: To a stired solution of  N-(3-Amino-2,4-difluorophenyl)-

N-(4-methoxybenzyl)propane-1-sulfonamide (992 mg, 4.7 mmol) in toluene (20 mL).was added
trimethyl-aluminum (2 M in hexane; 0.5 mL) dropwise. The mixture was stirred at room
temperature for 2 hours. A solution of ethyl 4-chloro-5H-pyrrolo[3,2-d] pyrimidine-7-carboxylate
15 (1737 mg, 4.7 mmol) dissolved in toluene (2 mL) and 1,4-dioxane (4 mL) and was added to the
reaction mixture. The mixture was stirred at 60 °C overnight. The mixture was quenched with
methanol and 2N HCI. The mixture was applied to a Varian Chemelut cartridge, eluted with
dichloromethane and ethyl acetate, and concentrated. The crude product was purified using flash
chromatography (gradient elution: 0-100% ethyl acetate in heptanes) to yield
20 N-(3-(4-methoxybenzyl-propylsulfonamido)-2,6-difluorophenyl)- 4-chloro-5H-pyrrolo [3,2-d]
pyrimidine-7-carboxamide (1237 mg, 60%). LC/MS: m/z 550.1 [M+1]

Step  B:  N-[3-(4-Methoxybenzylpropylsulfonamido)-2,6-difluorophenyl]-4-chloro-
5H-pyrrolo[3,2-d]pyrimidine-7-carboxamide (50 mg, 0.09 mmol) was suspended in a solution of
ammonia in isopropyl alcohol (2 M; 2.5 mL). The reaction was heated in a microwave reactor at

25 105 °C for 10 minutes. Ammonia gas was passed through the reaction mixture., and the reaction
was heated in a microwave reactor at 120 °C for 30 minutes. Purging with ammonia gas and
heating in a microwave reactor at 120 °C for 30 minutes was repeated twice. The mixture was
concentrated and refluxed in trifluoracetic acid (2 mL) for 2 hours. The crude product was purified
using flash chromatography (gradient elution using 0-100% ethyl acetate in heptanes) to yield

30 4-amino-5H-pyrrolo[3,2-d]pyrimidine-7-carboxylic acid
[2,6-difluoro-3-(propane-1-sulfonylamino)-phenyl]-amide (16 mg, 40%). 'H NMR ((400 MHz,
DMSO-ds) 6 12.26 (s, 1H), 10.29 (s, 1H), 9.68 (s, 1H), 8.42 (s, 2H), 7.38 (dd, J= 14.3, 8.8 Hz, 1H),
7.22 (s, 1H), 3.21 - 3.00 (m, 2H), 1.76 (dd, J=15.1, 7.5 Hz, 2H), 0.99 (t, J= 7.4 Hz, 3H). LC/MS:
m/z 411.1 [M+1].

35
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Example 103

F
4N o O
=C T B N
N BN F

4-Methylamino-5H-pyrrolo[3.2-d]pyrimidine-7-carboxvlic acid

[2.6-difluoro-3-(propane- 1 -sulfonylamino)-phenvli]-amide

To N-(3-(4-methoxybenzyl-propylsulfonamido)-2,6-difluorophenyl)-4-chloro-5 H-
pyrrolo-[3,2-d] pyrimidine-7-carboxamide (50 mg, 0.09mmol) and methylamine (60ul, 1.36
mmol) in THF (1 mL) was added N,N-diisopropylethylamine (158 ul, 0.9 mmol). The reaction
mixture was stirred at 100 °C for 1 hour and then concentrated in vacuo. The resultant crude
material was refluxed in trifluoroacetic acid (2 mL) for 1h and then evaporated in vacuo.
Purification by prep HPLC gave 4-methylamino-5H-pyrrolo[3,2-d]pyrimidine-7-carboxylic acid
[2,6-difluoro-3-(propane- 1-sulfonylamino)-phenyl]-amide (17 mg, 52%). 'H NMR (400 MHz,
DMSO-dg) 8 11.66 (s, 1H), 10.24 (s, 1H), 9.67 (s, 1H), 8.43 (s, 2H), 8.17 (s, 1H), 7.36 (d, J=5.9
Hz, 2H), 7.21 (t,J= 9.2 Hz, 1H), 3.94 - 3.52 (m, 1H), 3.21 -2.91 (m, 6H), 1.76 (d, J= 7.6 Hz, 3H),
0.98 (t, J= 7.4 Hz, 3H); LC-MS [M+1] m/z 425.1.

Example 104
F
4N O o, °
N™ N SST
DT R ¥
N HN F

4-Cyclopropylamino-5H-pyrrolo[3.2-d]pyrimidine-7-carboxvlic acid

[2.6-difluoro-3-(propane- 1-sulfonylamino)-phenyl]-amide

The title compound was prepared using a similar procedure as described for Example 103
using cyclopropylamine in place of methylamine in THF. '"H NMR (400 MHz, DMSO-ds) &
12.68 (s, 1H), 11.59 (s, 1H), 10.25 (s, 1H), 9.67 (s, 1H), 8.46 (s, 2H), 8.13 (s, 1H), 7.36 (d, J=5.9
Hz, 1H), 7.21 (t, J= 9.1 Hz, 1H), 3.58 (t, J= 6.6 Hz, 1H), 3.19 — 3.00 (m, 3H), 2.10 (dt, J = 15.0,
7.1Hz, 1H), 1.76 (d,J= 7.6 Hz, 3H), 0.98 (t, J= 7.4 Hz, 6H), 0.74 — 0.44 (m, 3H), 0.36 (dt, /= 6.8,
4.5 Hz, 1H). LC-MS [M+1] m/z 451.1.

128



0. 04957 47 0.0047 48 0.0114 49 0.0109 50 0.0365 51 0.221 52 0.0157 53
0.0265 54 0.416 55 0.0455 56 0.0751 57 0.0128 58 0.902 59 0.0571 60 0.177

61 0. 00170 2011/025940 PCT/US2010/046955
5 Example 105
F
N O 0.0
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4-Methoxyamino-5H-pyrrolo[3.2-d]pyrimidine-7-carboxvlic acid

[2.6-difluoro-3-(propane- 1 -sulfonylamino)-phenyl}-amide

10 The title compound was prepared using a similar procedure as described for Example 103
using methoxyamine hydrochloride in place of methylamine in THF. 'H NMR (400 MHz,
DMSO-dg) 6 12.41 (s, 1H), 11.34 (d, J= 3.3 Hz, 1H), 9.76 (s, 1H), 9.65 (s, 1H), 7.67 (d, J=3.6
Hz, 1H), 7.59 (d, J=3.2 Hz, 1H), 7.34 (dd, J = 14.5, 8.7 Hz, 1H), 7.18 (t, /= 8.4 Hz, 1H), 6.48 (s,
OH), 3.81 (s, 3H), 3.15 — 2.99 (m, 2H), 1.88 — 1.63 (m, 2H), 0.98 (s, 3H). LC-MS [M+1] m/z

15 441.1.

Example 106

4-Methyl-5H-pyrrolo[3.2-d]pyrimidine-7-carboxylic acid

[2.6-difluoro-3-(propane- 1 -sulfonylamino)-phenyl]-amide

20 The title compound was prepared using a similar procedure as described for Example 39
using 4-chloro-N-(2,,6-difluoro-3-(4-methoxybenzyl)butylsulfonamido)phenyl)-5H-
pyrrolo[3,2-d]pyrimidine-7-carboxamide in place of 4-chloro-N-(2,6-dichloro-
3-(3-fluoropropylsulfonamido)phenyl)thieno[3,2-d]pyrimidine-7-carboxamide. 'H NMR (400
MHz, DMSO-ds) 6 2.91 (s, 1H), 9.97 (s, 1H), 9.68 (s, 1H), 8.90 (s, 1H), 8.56 (s, 1H), 7.37 (td, J=

25 8.8,5.7Hz, 1H), 7.21 (dd, J=9.9, 8.4 Hz, 1H), 3.08 (dd, J= 8.7, 6.7 Hz, 2H), 2.76 (s, 3H), 1.85 —
1.61 (m, 2H), 0.98 (t, /= 7.4 Hz, 3H). LC-MS [M+1] m/z 410.1.

Example 107
Cl
/=N o 0,0
\ ’ N N’S\/\
S H  H

30

Thieno[3,2-d]pyrimidine-7-carboxylic acid

[2.6-dichloro-3-(propane-1-sulfonylamino)-phenyl]-amide
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5 4-Chloro-N-(2,6-dichloro-3-(propylsulfonamido)phenyl)thieno[3,2-d]pyrimidine-7-carbo
xamide (27 mg, 0.06 mmol) and Zn (70 mg) were taken up in acetic acid (1 mL). The mixture was
heated in a microwave reactor at 100 °C for 30 minutes. The reaction mixture was concentrated in
vacuo and the crude product purified by preparative HPLC to obtain
thieno[3,2-d]pyrimidine-7-carboxylic acid [2,6-dichloro-3-(propane-1-sulfonylamino)-

10 phenyl]-amide (11 mg, 40%). "H NMR (400 MHz, DMSO-ds) 6 10.81 (s, 1H), 9.86 (s, 2H), 9.45
(d, 2H), 7.57 (td, J= 8.9, 5.8 Hz, 1H), 7.34 (dd, /=9.2, 7.9 Hz, 1H), 3.19-3.00 (m, 3H), 1.92 -
1.59 (m, 2H), 0.98 (t, J=7.4 Hz, 3H). LC-MS [M+1] m/z 445.0.

Example 108
F
O
NN
,=N HN N~ o
N F H
\N o)

15 S
Thieno[3.2-d]pyrimidine-7-carboxvlic acid

[2.6-difluoro-3-(propane-1-sulfonylamino)-phenyl]-amide

A microwave vial was charged with 4-chloro-N-(2,6-difluoro-3-(propylsulfonamido)-
phenyl)thieno[3,2-d|pyrimidine-7-carboxamide (0.15 g, 0.336 mmol, as prepared from Example
20 40, Step A), tri-n-butyltin hydride (0.18 mL, 0.671 mmol),
tetrakis(triphenylphosphine)palladium(0) (0.097 g, 0.084 mmol) and toluene (1.6 mL). The
reaction mixture was heated in a microwave reactor at 150 °C for 15 minutes. The palladium
residue was then filtered off and the filtrate concentrated in vacuo. The crude mixture was
purified by reverse phase HPLC to afford thieno[3,2-d]pyrimidine-7-carboxylic acid
25 [2,6-difluoro-3-(propane-1-sulfonylamino)- phenyl]-amide (0.07 g, 73%). '"H NMR (400 MHz,
DMSO-ds) 6 10.79 (s, 1H), 9.75 (s, 1H), 9.71 (s, 1H), 9.38 (s, 1H), 9.32 (s, 1H), 7.41 (td, J= 8.9,
5.8 Hz, 1H), 7.24 (dd, /=9.2, 7.9 Hz, 1H), 3.14 — 3.04 (m, 2H), 1.81 — 1.70 (m, 2H), 0.98 (t, /=

7.4 Hz, 3H). LC-MS m/z (ES-MS) 413.0 [M+1].

30 Examples 109 — 113 below in Table 5 were prepared according to the procedure described

in Example 108 using appropriate starting materials.
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5 Table 5
Example "HNMR §
F 10.79 (s, 1H), 9.80 (s, 1H), 9.75 (s,
0, Thieno[3,2-d]pyrimidi 2H), 9.38 (s, 1H), 9.32 (s, 1H),
<N HN N'S\\/\/\ F | ne-7-carboxylic acid 431.0 7.41 (td, J= 8.8, 5.8 Hz, 1H), 7.25
109 N\ p g H o [2,6-difluoro-3-(3-fluo M +’1] (t, /J=9.2 Hz, 1H),4.61 (t,J=6.0
| 0 ro-propane- 1-sulfonyla Hz, 1H), 4.49 (t, J= 6.0 Hz, 1H),
S mino)-phenyl]-amide 3.26 —3.15 (m, 2H), 2.22 - 2.03
(m, 2H)
11.02 (s, 1H), 9.88 (s, 1H), 9.76 (s,
c o Thieno[3,2-d]pyrimidi 1H), 9.38 (s, 1H), 9.33 (s, 1H),
I\ /\/\ e . . —
Lo =N HN N/S\b F | ne-7 .carboxyhc acid 463.0 160 (d, J=8.7Hz, 1H), Z.SI d,J
N, P g H [2,6-dichloro-3-(3-fluo M) | o 8.7 Hz, 1H), 4.61 (t, J= 5.7 Hz,
| 0 ro-propane-1-sulfonyla 1H), 4.49 (t, J= 5.8 Hz, 1H), 3.28
S mino)-phenyl]-amide —3.19 (m, 2H), 2.20 — 2.02 (m,
2H)
Cl
0, Thieno[3,2-d]pyrimidi 10.93 (s, 1H), 9.95 (s, 1H), 9.77 (s,
~n HN S | ne-7-carboxylic acid 10n | 1H),939 (s, 1H), 934 (s, 1H),
111 N\ g H 0 [6-chloro-2-fluoro-3-( M +‘1] 7.49 —7.39 (m, 2H), 3.17 - 3.05
% | 0 propane-1-sulfonylami (m, 2H), 1.81 — 1.65 (m, 2H), 0.97
S no)-phenyl}-amide (t,/J=7.4 Hz, 3H)
cl Isothiazolo[4,5-d]pyri 10.86 (s, 1H), 10.00 (s, 1H), 9.48
j@\ O~ midine-3-carboxylic (s. 1H), 7.47
- F acid ARSIy
s=N BN N % 448.0 | -7.41 (m,2H),4.60 (t,J=59Hz
N H O - o IR _2 s ] 3 ]
H2 LS F 3[_6ﬂ°l(‘)lr°0r_° rzo ﬂa‘il"e“;i (1 M+1] | 1H), 4.49 (t, /= 5.9 Hz, 1H),
SN LOro-prop u 3.27-3.17 (m, 2H), 2.19 — 2.01 (m,
fonylamino)-phenyl]-a 2H)
mide
. 5H-Pyrrolo[3,2-d]pyri 9.89 (s, 1H), 9.10 (s, 1H), 9.06 (s,
/=N 0o o o midine-7-carboxylic 1H), 8.58 (s, 1H), 7.37 (td, /= 8.9,
3 N\ p . /\\S/IV\ ‘ acid 396.1 5.7Hz, 1H), 7.21 (d, /= 1.5 Hz,
/ H ﬂ [2,6-difluoro-3-(propa | [M+1] | 1H), 3.08 (dd, J=8.7, 6.6 Hz, 2H),
HN F ne-1-sulfonylamino)-p 1.82—1.67 (m, 2H), 0.98 (t,J=17.4
henyl]-amide Hz, 3H)

B-RAF V600E inhibition assay (Example A).

Table 6 shows the activity of certain compounds of the invention tested in the above

Example

BRAF V600E ICso (uM)

1

0.0184

0.01203

0.00389

0.00425

0.00086

0.00289

0.00101

0.0006

DO oo N OV | B W N

0.0001
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92 0.0132 93 0.118 94 0.704 95 0.00509 96 1.00 97 0.00071 98 0.00216 99
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106 0. 18906 20017025940 PCT/US2010/046955
10 0.00072
11 0.00089
12 0.00022
13 0.0001
14 0.0006
15 0.0002
16 0.0019
17 0.0014
18 0.0074
19 0.0026
20 0.0057
21 0.0471
22 0.002
23 0.0008
24 0.00011
25 0.0072
26 0.02
27 0.125
28 0.0116
29 0.088
30 0.0012
31 0.00082
32 0.00018
33 0.00038
34 0.005
35 0.105
36 0194
37 0.0092
38 0.0465
39 0.00111
40 0.0855
41 0.112
42 0.026

132



0. 0096 108 0.2884 WO 2011/ 025940PCT/ US2010/ 046955 109 0. 0403 110 0. 00269

111 0.0211 112 0.00729 113 0.35298 5

VWhile the i

nventi on has been

descri bedworotionsuncti on with the enumerated enbodi nent $CTiUS20W0l0ke9bE

understood that they are 43 1
enbodi nents. On the contfary, "'the |invention 1S intenddq
alternatives, nodifications agd equi val ent@o8mhi ch may
the scope of the present [invention as defined hy the g
f oregoi ng description is|condddered as il10U@%ative or
of the invention. ppecifitc refer UIILW
Pat ent App!. No. 61/238, 109, Piled August § 009, wh
herein by reference in i{s entiretly for ald.ggugrposes.
“conprise," "conprising, -"include,"” "including, " and
in this specification and i n48he flol | owi nd-@lldi ms are
the presence of stated lbfeatyres,—integer 0 Gﬁponcn1
do not preclude the presence 'or addition é? %Pe or
i ntegers, components, steps, s5or grijoups theyews. MD
2011/ 025940PCT/ US2010/ 046955 What lis clainmed is: 1. A
Formula |: R3 st er eoi somerd, tautoners, 0@2bdrugs ar
acceptable salts thereof——mh§aein. 0.0157

53 0.0265

54 0.416

55 0.0455

56 0.0751

57 0.0128

58 0.902

59 0.0571

60 0.177

61 0.0017

62 0.0271

63 0.0354

64 0.0011

65 0.0012

66 0.0002

67 0.0002

68 0.0018

69 0.0022

70 0.0034

71 0.0144

72 0.0024

73 0.014

74 0.0005

75 >1.0
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VIl VI VITTTX XEXEEX XXI Vand XXV 3. A compound of claiml1,

wherein Wand Z are C, Xis Sand Yis CR7. 4. A conpound of claim1,
wherein Weandiid2s4e C, X is NR6 and Y is CR7. 5. A conpeamdsediook@sim 1,
wherein Wand Z are C, XWW’ i und of claim1,
wherein Wand Z are C, Xl|is and Y is .'0 .3 A conpqund of claim1,
wherein Wand Z are C, X|is €Rp and Y 1s Bhae®B. A conpound of claiml,
wherein Wand Z are C, Xlis Nand|lYis S 9. A conpound of claim1, wherein

Wis N Zis C Xis CR6|andlM is |[CR7. 10.0.021donpound |of claim 1, wherein W
isC Zis N Xis CR6 anpt—Y+ts—CR-—IH1—A<cagmpound—-of claim1l, wherein W
isN Zis C Xis Naniny%Rl 12. A(Qc?pz%dﬁnd of glaim1, wherein Wis
C Zis N Xis CR6 and Y 11N I3, A conpayhge of claiim 1, wherein Wis N,
Zis C, Xis CR6 and Y is N 14. A conpound of claim11, wherein Wand Z are
C, Bis Sand Yis N 15. A conpound of claim1, wherein Wis C, Zis N X

is Nand Y i . .16. A conpound of c¢laim.1l, wherein Wand Z_ ar ., X is
CR6 and Y i Sﬁ@_ﬁ%; inventipy HaRbe i ot cgicaRe vun (B SHeraied gbegiieaisn
5: i<y ::\’2 el B3 uad&stobd BRE YAt YotSRleREaE i MK RBR To tHRL 8888difenfsl -G

the contrary, the invention is intended to cover all alternatives, modifications and equivalents,
which may be included within the scope of the present invention as defined by the claims. Thus,

10 the foregoing description is considered as illustrative only of the principles of the invention.
Specific reference is made to U.S. Provisional Patent Appl. No. 61/238,109, filed August

28, 2009, which is incorporated herein by reference in its entirety for all purposes.

nn "non: "ons

The words "comprise," "comprising," "include," "including," and "includes" when used in
this specification and in the following claims are intended to specify the presence of stated
15 features, integers, components, or steps, but they do not preclude the presence or addition of one

or more other features, integers, components, steps, or groups thereof.
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18. A compound of any one of clains 1-17, wherein RI and R2 are F or O and
R3 is hydrogen. WO 2011/ 025940PCT/ US2010/ 046955 19. A conpound of
any one obocbhaiorsv4d- 18, wherein Rl is C, and R2 is F ardTR32018/0l6965 ogen.
20. A opmReuasinrligny one of clainms 1-19, wherein R4 is G -C3 al kyl

optional |y substituted by hal ogen. 21. A conpound of any one of
clains 1-20, wherein R4 is ethyl, propyl or -CH2CH2CH2F. 22. A
conmpound of 12Ny qne of cl.ai ns 21, wherejn R5 is NRLIOR11. 23. A
conpound of Lany %”W%m@ﬂéﬂﬁge%ﬁ?E‘FWW%ﬁ ‘n R5 is NH2. 24. A conpound
named in any one of Exanples 1-113. #£8. A pharmaceutical conposition,
conprising a conpound of any one of clalns 1-24 and 30 and a
pharmaceutically acceptabl e carrlerOoR C ient. 26. A met hod of

preventing or treating a d{\e se orydiso pduliat ed by b-Raf, conprising
adninistering to a mammalN.in n ed 0 tmerd an effective anount of
a conpound of any one of g}j\al B . N [| 2R* A conpound of any
one of Clainms 1-24 and i . H 0 28. Use of a conpound
of any one of dains 1-24 and)GCTYl n the mafufacture of a nedicament for the
treatment of cancer. 29. A pharnaceuti cal corrp05| tion conprising a
conpound of any one of Cains 1-24 andI30 for use in the treatnent of

(c:: ag? e rN;steremsome ; faél&d?&gﬁﬂmggg %n CE}:E‘%M%‘%E tlwﬁ; a%ﬁﬁw}ab\% ga?:%_}ger%te &"her%‘ﬁﬁe nde nt |y

CR6, and Y ti& fash&l liNEY repees@it/optivhal delede dbndsearh tamethefbidycleXcontaiatng tZel S
ot her thah C, CR6 and CR7; R and R2 are independently selected from
hydrogg Q?Wéﬁam@%m(l C3 al kyl, C1-C3 al koxy, C1-C3 al kenyl and C1-C3

al kynyl ; mwgnyzq;@ﬁg alt C1- G al kyl; R4 is C3-05
cycl oal kyI Cl- C6 al y engz %@Bf&rén C2- C6 aI kynyl, phenyl, a 5-6

nmenber ed heﬁ{eus@@NRmr SR, YuhdRSion (IFHeon:XQk DECloy ICR bV, is &), ISe R or

oy PhEb A IS PR ol 2R RO SR R, 101 P20,
wi th hal ogeR! aRe starQYIQTeﬁ&?d%nﬂéselgae@fM hy@beRHRLLY, CN, C1 Ak, ©
hydr ogen, Cl1-C6 al koxy or - kyl , wherei n éach "C1- Co al kox nd Ci Co6

al kyl algozgqf)t@ldﬁaalkc;nyéamt& Cutakkdnykth hal ogen, OR20, SR20, NR14R15 C3- C6
cycl oal kyl rrbere het er 5-6 nenbered heteroaryl or phenyl;
pr ovi ded” wh&n’ Sgly OgRealoRrD; L Gy é(/P %ylbonded to an adjacent atomin formula

| then R6 i R*abeeay cycld¥k A0 103 @P@m@m% 1, phenyl, K% témbered
hydr ogen, Cl-C6 ﬁl i(‘%](c yElCl"]-% ﬂ(?fl ¢ jein 2ea"c%aﬁ}‘;)ny- en?ll’(ox a?ll erCeJ Co6

al k?/l hetergsyslpha by wn@@te@ulm@mmyi h?mhfﬂ?ogenwh@mothesmlpalmwmw all@aylca
oY vt ettt iy T RAREE SRR Mo optichalT7 SRS e \SAERRE L PatoB, RGR

|t henCRTsicgclablgghbs Ci-Cs alkywptwmw@utﬁnmt&mhh hadegendent | y hydrogen or
G -C6 al kyl 9pt| onal Iy substituted hal Tr(‘?'qudo or R8 and

i ndependent Ry1 W&geﬂoﬁeghé]@b\ﬁ’ﬁtwn@%és% WhﬁlQﬁ‘\’ntWé‘ﬁRggRelaattached to

fOOf gsaal?’kgl @WH&% ‘E%d ﬁoaﬁh(&lyydr’cl%’@gﬁ%ﬁéfgﬁwa{tt et % % I{Wg’?je%&yf%o or
(Co csomdqmly NRbERi8d \(flﬂDhﬁB)gaﬂl kQRFORRF’, W 44{% @l- K?ylc)ySBleyl QL6 Gherabéryd ,

aI Kyl )El lérﬁg el % ‘é%ms?fﬁé ggtﬁf%gﬁgﬁﬁcg‘?@hk%@(lg Q)ggeq % %fi‘z' (iéeg_lséo%%le bonded

al ky1) By fir BLRE! A6 S FEHRB! Vihen W& Hlsthesai d al kyl , al kenyl, “al kynyl
cycl oal kyl , peterocyclyl heteroaryl and phenyl are optlonally substltuted

by hal ogen, RokdydoRed, C N EREY arﬂl@s-dtlaylaivlqubm each C;- CRa]koxmahd:(lBCaalkyl is

i ndepen ent ro C6 kyl .. opt } bstit haI or
Ri2" andh Rk BE RS Bh eekerm PR S Bt o G Ve R et S REEBHE T or m
a 3-6 nasleyag, betBEaByel Métero@ﬁll o PRéryY: pRoNAatd WHEEH 1§)Nﬁ7%hggsedbubﬁ?(ﬁbn‘aéd
Cl1- C3 al kyl; R14 and ar e mgependently hydr ogen or Cl-C6 al kyl

opt i on@lwdsk%?l@%ttqt@mﬂ@ﬂ’@l}dlﬂdh BnisabserR14 and R15 are taken toget her with
t he atom t op! 9 at t.ached ter
optional ly sz\,gﬁ(f?t %r?%éclbmd?%eln Ig%%yg%gef} %ikaPgona% bYted by

halogen; or R® and R® are independently taken together with the atom to which they are attached to
form a 3-6 membered heterocyclyl, optionally substituted by halogen, oxo or C;-C; alkyl;
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R16 and R17 are independently hydrogen or Cl1-C6 al kyl optionally
substituted by hal ogen; or R16 and R17 are taken together with the atomto
whi ch t heyoabtizebsd to forma 3-6 nmenbered heterocycl yl poptusesalokssss

substi t ut ed gy, p. oxo or Cl-C3 al kyl; R18 and R19 are
I ndependent |'y ﬁ;@bg%gn’ or Cl-C6 al kyl optionally substituted by hal ogen; or

R18 and R19 Rit és hadreper, og €t GaralkylyEN (@-@4 alkyhDRMR 'Eh(hey atkyh) ORAE A Oy 5f or m
iy S A T R S
St S B el A T PR D Gl
wherein said alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, heteroaryl and phenyl are
optionally substituted by halogen, oxo, OR?', NR®*R" or C;-C; alkyl;
R'? and R" are independently hydrogen or C;-Cg alkyl optionally substituted by halogen;
or R'? and R" are taken together with the atom to which they attached to form a 3-6 membered
heterocyclyl, optionally substituted by halogen, oxo or C;-C; alkyl;
R and R" are independently hydrogen or C,-C¢ alkyl optionally substituted by halogen;
or R and R" are taken together with the atom to which they attached to form a 3-6 membered
heterocyclyl optionally substituted by halogen, oxo or C;-C; alkyl;
R'® and R" are independently hydrogen or C;-C¢ alkyl optionally substituted by halogen;
or R'® and R"7 are taken together with the atom to which they attached to form a 3-6 membered
heterocyclyl optionally substituted by halogen, oxo or C;-C3 alkyl;
R'® and R" are independently hydrogen or C,;-Cg alkyl optionally substituted by halogen;
or R' and R" are taken together with the atom to which they attached to form a 3-6 membered
heterocyclyl optionally substituted by halogen, oxo or C;-C; alkyl;
each R is independently hydrogen or C,-C¢ alkyl optionally substituted by halogen; and
each R*! is independently hydrogen or C;-C¢ alkyl optionally substituted by halogen.

2. A compound of Claim 1 selected from:
R3 R3 R3
1 1
R1 R R
N/>N 0 9 NRN o ('s?, N/:N 0 ('S?
\ N N’ﬁ\R"’ \_/ I N N1 R* WN N1 R4
RS s | H g H 0 RS N H gz H 0 RS N-N H g2 H o
7
R R RS
Il 1] v
R® R® R3
R1 R‘I R1
SO, O e o ST S
\ N N R4 \ N N7 R4 \ N N"1 R4
0]
R® \.g H g HO R\ N~R7H S R \-s M r M
R® R®
Y[
\Y} \Y/|
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R3 R3 R3
1
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R7 Re R R7
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1 R1 R1
8 e ™8 2 (A Kit g
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/=N O 9 /=N 0o 9
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RS \N I H R2 HO Rs \ S H Ry H
7
R Rg
XXV
and XXV

3 A compound of claim 1, wherein W and Z are C, XisSand Y is CR’.

4 A compound of claim 1, wherein W and 7 are C, X isNR®and Y is CR’.

5 A compound of claim 1, wherein W and Z are C, X is NR® and Y is N.

6. A compound of claim 1, wherein W and Z are C, X is CR%and Y is S.

7 A compound of claim 1, wherein W and Z are C, X is CR®and Y is NR'.

8 A compound of claim 1, wherein W and Z are C, X is Nand Y is S.

9 A compound of claim 1, wherein W is N, Zis C, X is CR® and Y is CR’.

10. A compound of claim 1, wherein Wis C, Zis N, X is CR%and Y is CR".

11. A compound of claim 1, wherein Wis N, Zis C, Xis Nand Y is CR’.

12. A compound of claim 1, wherein Wis C, Zis N, X is CR%and Y is N.

13. A compound of claim 1, wherein Wis N, Zis C, X is CR®and Y is N.

14. A compound of claim 1, wherein W and Z are C, X is S and Y is N.

15. A compound of claim 1, wherein Wis C, Zis N, Xis N and Y is CR’.

16. A compound of claim 1, wherein W and Z are C, X is CR®and Y is S.

17. A compound of any one of claims 1-16, wherein R!, R* and R® are independently
selected from hydrogen, halogen or C,-Cs alkyl.

18. A compound of any one of claims 1-17, wherein R' and R? are F or Cl and R? is

hydrogen.
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19. A compound of any one of claims 1-18, wherein R' is CI, and R?is F and R® is
hydrogen.

20. A compound of any one of claims 1-19, wherein R* is C;-C; alkyl optionally
substituted by halogen.

21. A compound of any one of claims 1-20, wherein R* is ethyl, propyl or
—CH,CH,CH,F.

22. A compound of any one of claims 1-21, wherein R’ is NR!RM.

23. A compound of any one of claims 1-21, wherein R’ is NH,.

24. A compound named in any one of Examples 1-113.

25. A pharmaceutical composition, comprising a compound of any one of claims 1-24

and 30 and a pharmaceutically acceptable carrier or excipient.

26. A method of preventing or treating a disease or disorder modulated by b-Raf,
comprising administering to a mammal in need of such treatment an effective amount of a
compound of any one of claims 1-24 and 30.

27. A compound of any one of Claims 1-24 and 30 for use in therapy.

28.  Use of a compound of any one of Claims 1-24 and 30 in the manufacture of a
medicament for the treatment of cancer.

29. A pharmaceutical composition comprising a compound of any one of Claims 1-24
and 30 for use in the treatment of cancer.

30. A compound of claim 1, wherein:

W and Z are independently C or N;

XisO,S, NR® or CRG, and Y is NR” or CR”; or X is NR® or CR6, and Yis O, S, NR’ or
CR’; provided at least one of W, X, Y and Z is other than C, CR® and CR’;

R! and R? are independently selected from hydrogen, halogen, CN, C;-C; alkyl, C;-C;
alkoxy, C;-C; alkenyl and C;-C; alkynyl;

R} is hydrogen, halogen or C;-C; alkyl;

R*is C;-Cs cycloalkyl, C;-Cg alkyl, C,-Cg alkenyl, C,-Cg alkynyl, phenyl, a 5-6 membered
heteroaryl, or NR*R’, wherein the cycloalkyl, alkyl, alkenyl, alkynyl, phenyl and heteroaryl are
optionally substituted with OR?’, halogen, phenyl, C3-C4 cycloalkyl, or C;-Cy4 alkyl optionally
substituted with halogen;

RS is hydrogen, C;-Cj; alkyl, or NR10R11;

R%is hydrogen, C,-Cg¢ alkoxy or C;-Cg alkyl, wherein each C;-Cg alkoxy and C;-Cg alkyl is
optionally substituted with halogen, OR?, SR®, NRMR", C5-Cq cycloalkyl, 4-6 membered
heterocyclyl, 5-6 membered heteroaryl or phenyl; provided when X is NR® and is double bonded

to an adjacent atom in formula I then R is absent;
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R’is hydrogen, C;-Cg alkoxy or C;-Cg alkyl, wherein each C;-Cg alkoxy and C;-Cg alkyl is
optionally substituted with halogen, OR*’, SR®*, NR'*RY7, C;-C; cycloalkyl, 4-6 membered
heterocyclyl, 5-6 membered heteroaryl or phenyl; provided when Y is NR” and is double bonded
to an adjacent atom in formula I then R’ is absent;

R® and R’ are each independently hydrogen or C;-Cg alkyl optionally substituted by
halogen; or R® and R® are independently taken together with the atom to which they are attached to
form a 3-6 membered heterocyclyl, optionally substituted by halogen, oxo or C;-C; alkyl;

R is hydrogen;

R" is hydrogen, —(Co-C; alkyl)CN, (Co-C; alkyl)NR'ZR™, (Co-C3 alkyl)OR%, (C;-C;
alkyDSR®, C,-Cs alkyl, C»-Cs alkenyl, C»-Cq alkynyl, (Co-C3 alkyl)C3-Cs cycloalkyl, (Co-Cs
alkyl)phenyl, (Cy-C; alkyl)3-6-membered heterocyclyl or (Co-Cs alkyl)5-6-membered heteroaryl,
wherein said alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, heteroaryl and phenyl are
optionally substituted by halogen, oxo, OR?!, NR"®*R" or C;-C; alkyl;

R'? and R" are independently hydrogen or C;-C¢ alkyl optionally substituted by halogen;
or R and R" are taken together with the atom to which they attached to form a 3-6 membered
heterocyclyl, optionally substituted by halogen, oxo or C;-C; alkyl;

R'" and R" are independently hydrogen or C;-Cs alkyl optionally substituted by halogen;
or R' and R" are taken together with the atom to which they attached to form a 3-6 membered
heterocyclyl optionally substituted by halogen, oxo or C;-C; alkyl;

R'® and R are independently hydrogen or C;-Cg alkyl optionally substituted by halogen;
or R'® and R'7 are taken together with the atom to which they attached to form a 3-6 membered
heterocyclyl optionally substituted by halogen, oxo or C;-C3 alkyl;

R'® and R are independently hydrogen or C;-Cg alkyl optionally substituted by halogen;
or R' and R!? are taken together with the atom to which they attached to form a 3-6 membered
heterocyclyl optionally substituted by halogen, oxo or C;-Cs alkyl;

each R? is independently hydrogen or C;-Cg alkyl optionally substituted by halogen; and

each R* is independently hydrogen or C;-Cg alkyl optionally substituted by halogen.

140



